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PREPARATION  OF  LIGHT  ALUMINUM-COPPER 
CASTING  ALLOYS. 


By  Robert  J.  Anderson. 

INTRODUCTION. 

In  aluminum-alloy  foundry  practice,  light  aluminum-copper 
alloys  are  preferred  for  general  use  for  castings;  in  fact,  as  far 
as  can  be  estimated  from  the  available  figures,  the  domestic  produc- 
tion of  castings  from  an  alloy  containing  approximately  92  per  cent 
of  aluminum  and  8  per  cent  of  copper  was  about  97  per  cent  of  the 
castings  in  all  kinds  of  alloys  in  1920,  which  amounted  to  about 
81,000,000  pounds.  Several  other  binary  aluminum-copper  alloys  are 
employed  for  commercial  castings;  these  contain  from  2  to  13.5  per 
oent  of  copper,  the  remainder  being  aluminum.  Alloys  containing 
4  to  6  per  cent  of  copper  are  reported  to  have  been  used  in  Italy  for 
aircraft-motor  castings,  and  the  96:4  aluminum-copper  alloy  is  used 
extensively  in  the  United  States  for  sand-cast  cooking  utensils.  In 
the  United  States  a  favorite  motor-piston  alloy  is  made  with  9  to  10.5 
per  cent  copper,  the  remainder  being  aluminum,  but  some  plants 
introduce  iron  as  well  as  copper  to  increase  the  hardness.  Alloys 
containing  up  to  13.5  per  cent  copper  have  been  used  in  England  for 
special  purposes.  In  the  United  States,  the  consensus  of  opinion 
among  f  oundrymen  is  that  the  alloy  containing  92 : 8  aluminum  is  the 
best  alloy  available  for  general  casting  purposes  and  for  some 
special  castings.  In  addition  more  or  less  definite  light  alloys  have 
been  developed  for  particular  uses,  notably  piston  and  carburetor 
alloys  and  alloys  for  so-called  leak-proof  parts. 

NO.   12  ALLOY. 

The  92 : 8  aluminum-copper  alloy,  known  in  the  trade  as  No.  12, 
can  be  trusted  to  have  an  ultimate  strength  of  18,000  pounds  per 
square  inch  and  an  elongation  of  1  to  1.5  per  cent  in  a  2-inch 
length.  These  figures  apply  to  sand-cast  test  bars,  cast  coupon  or 
separately,  and  indicate  that  the  alloy  is  neither  remarkably  strong 
nor  ductile.  Furthermore,  like  other  alloys,  the  strength  of  No. 
12  alloy  is  influenced  markedly  by  the  casting  temperatures;  the 
higher   the   casting  temperature,  the   lower   will  be   the   ultimate 

l 


LIGHT   ALUMINUM-COPPER   CASTING   ALLOYS. 


strength  of  the  alloy.  The  only  aluminum-rich  ductile  casting-alloys 
are  the  aluminum-copper-manganese  alloy,  developed  by  McKinney1 
and  used  at  the  Naval  Gun  Factory,  and  the  aluminum-silver  and 
aluminum-copper-silver  alloy  brought  out  during  1921 :  commer- 
cially, however,  the  alloy  of  McKinney  has  been  neglected.  In  addi- 
tion to  the  light  aluminum-copper  alloys,  represented  typically  by 
No.  12,  other  light  aluminum  alloys  used  for  castings  include  the 
aluminum-zinc,  the  aluminum-magnesium,  the  aluminum-copper- 
zinc,  and  the  aluminum-copper-manganese.  The  trend  of  commer- 
cial practice  in  the  United  States  with  regard  to  aluminum  casting 
alloys  has  been  discussed  elsewhere.2 

Strictly  speaking,  the  commercial  No.  12  alloy  is  not  a  simple 
binary  alloy  in  most  foundries,  because  it  contains  appreciable 
amounts  of  impurities;  increasing  amounts  of  iron  markedly  affect 
the  properties  of  the  alloy.  If  the  iron  content  is  high  (it  often  is  1.75 
per  cent) ,  the  alloy  should  be  regarded  as  a  ternary  aluminum-copper- 
iron  alloy.  The  iron  content  of  most  of  the  No.  12  alloy  cast  to-day  is 
1  to  1.T5  per  cent,  because  scrap  high  in  iron  is  used  in  making  up 
melting  charges,  and  because  much  of  the  remelted  (secondary)  alu- 
minum pig  is  high  in  iron.  Unless  the  foundryman  buys  his  melt- 
ing materials  on  analysis  and  excludes  materials  high  in  impurities, 
the  resultant  castings  can  not  be  expected  to  approach  92 :  8  aluminum- 
copper  in  composition,  because  No.  12  pig  as  marketed  by  refiners 
may  run  high  in  iron. 

The  results  of  chemical  analyses  of  samples  from  a  number  of  heats 
of  No.  12  alloy  on  an  aircraft-crankcase  job  cast  under  Government 
specifications  are  shown  in  Table  1.  The  analyses  rep  resent  results 
on  samples  selected  at  various  intervals  during  about  three  months' 
production. 

Table  1. — Chemical  analyses  of  crankcases. 


Sample  number. 

Percentage  of  elements. 

Cu 

Fe 

Si 

Ala 

1                                      

8.16 
8.21 
8.20 
8.06 
8.07 
7.87 
7.96 
8.06 
8.24 
8.24 
8.19 
8.11 
8.21 

1.04 
0.99 
0.96 
0.92 
0.94 
0.93 
1.15 
0.98 
1.  14 
1.12 
1.29 
1.21 

0.2S 
0.30 
0.40 
0.36 
0.30 
0.32 
0.42 
0.35 
0.38 
0.32 
0.36 
0.38 

90.52 

2                                                

90.50 

3                                          

90.44 

4                                              

90  66 

5.   .                                  

90  69 

6                                                                   

90  88 

7..                                 

90  47 

8...                                  

90.61 

9.                                         

90  24 

10...                                         

90.32 

11...                              

90. 16 

12...                                         

90.30 

13 

0. 72            0. 27 

90.80 

14 

8.00            0.91  | 

90.83 

a  Aluminum,  by  difference. 

1  McKinney,  P.  E.,  Aluminum  castings  and  forgings :  Trans.  Amer.  Inst.  Metals,  vol.  10, 
1916,   pp.   166-172. 

2  Anderson,  R.  J.,  Special  and  commercial  light  aluminum  alloys :  Minerals  Investiga- 
tions Series,  No.  14,  Bureau  of  Mines,  April,  1919. 
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Magnesium  also  is  sometimes  found  as  an  impurity  in  No.  12  alloy, 
it  being  occasionally  added  to  heats.  So-called  No.  12  pig  from 
miscellaneous  scrap  may  differ  greatly  in  composition  when  run 
down ;  besides  copper,  iron,  and  silicon  it  often  contains  considerable 
zinc  and  manganese,  with  magnesium  in  subordinate  amounts. 
Zinc  may  run  up  to  5  per  cent  and  more,  and  manganese  may  be 
present  to  the  extent  of  0.75  per  cent. 

MANUFACTURE  OF  NO.    12   ALLOY. 

The  92 : 8  aluminum-copper  alloy  is  made  up  in  foundries  for  cast- 
ing, and  No.  12  pig  is  marketed  by  composition-ingot  makers  and 
refiners.  In  foundries,  the  methods  for  making  No.  12  alloy  vary; 
the  chief  metallurgical  consideration  being  the  method  of  introducing 
the  copper.  In  making  No.  12  or  any  of  the  light  aluminum-copper 
alloys,  some  foundries  use  a  rich  alloy  containing  50 :  50  copper- 
aluminum  for  introducing  the  copper,  but  although  this  rich  alloy, 
often  called  "  hardener,"  may  seem  to  be  the  logical  medium,  it  is 
not  employed  as  widely  as  is  generally  supposed.  In  fact,  copper 
is  introduced  into  aluminum  by  several  methods,  and  though  many 
representative  foundries  favor  50 :  50  rich  alloy,  the  industry  is 
not  agreed  on  the  most  desirable  method.  In  making  No.  12.  or 
similar  light  aluminum-copper  alloys,  foundries  in  the  United  States 
use  either  copper,  33:67  copper-aluminum  alloy,  or  50:50  copper- 
aluminum  alloy  for  introducing  copper.  The  copper  may  be  used  in  the 
form  of  sheet  punchings,  small  scrap,  or  sheet;  the  rich  alloys  in 
small  pigs  of  convenient  sizes.  The  rich  alloys  are  employed  be- 
cause they  melt  at  lower  temperatures  than  aluminum  and  are  brit- 
tle; the  latter  characteristic  permits  accurate  weighing  of  charges. 
Copper  as  such  is  used  because  it  is  supposed  to  alloy  satisfactorily, 
thus  saving  the  cost  of  preparing  the  rich  alloys.  Before  the  experi- 
mental work  done  in  connection  with  the  present  investigation  is 
discussed,  a  description  of  the  methods  of  preparing  No.  12  alloy 
and  the  rich  alloys  will  be  given. 

GENERAL  PRINCIPLES  INVOLVED. 

It  is  desirable  to  discuss  briefly,  for  the  sake  of  clearness,  certain 
factors  having  an  intimate  bearing  on  the  problem  as  a  whole, 
such  as  the  equilibrium  diagram  for  the  aluminum-copper  system, 
as  well  as  the  respective  effects  of  heat  of  formation,  thermit  reac- 
tion, diffusion,  convection,  and  solution.  In  the  commercial  prep- 
aration of  metallic  alloys  on  a  large  scale,  the  influence  of  various 
factors  may  be  overlooked,  but  a  thorough  understanding  of  the 
fundamental  principles  of  alloying  will  allow  corrective  measures 
to  be  applied  more  readily  when  foundry  troubles,  due  to  the  alloy, 
arise. 
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EQUILIBRIUM    DIAGRAM. 

The  preparation  of  alloys,  and  more  particularly  their  heat  treat- 
ment, is  now  based  entirely  on  the  equilibrium  diagrams  of  the 
alloy  systems.  The  curves  for  the  iron-carbon,  copper-tin,  copper- 
zinc,  and  copper-aluminum  s3Tstems  illustrate  the  commercial  im- 
portance of  equilibrium  diagrams  in  the  heat  treatment  of  alloys. 
The  aluminum-copper  system  has  been  studied  by  Carpenter  and 
Edwards,  Gulliver,  Guillet,  Gwyer,  Andrew,  Curry,  and  others.3 

It  is  of  interest  to  the  nonf  errous  metal  industry  because  it  includes 
the  light  aluminum-copper  casting  alloys,  the  rich  alloys  used  for 
introducing  copper  into  aluminum,  and  also  the  so-called  aluminum 
bronzes.  The  curve  shown  in  figure  1,  after  Carpenter  and  Ed- 
wards, agrees  well  with  that  published  by  Guillet  except  in  minor 
details.  With  reference  to  the  diagram  in  figure  1,  foundrymen 
are  interested  mainly  in  the  alloys  containing  from  about  4  to  13 
per  cent  copper,  in  those  containing  from  33  to  60  per  cent  copper, 
and  in  those  of  aluminum  bronze  composition,  containing  90  per 
cent  copper  and  10  per  cent  aluminum.  In  this  system,  three  inter- 
metallic  compounds  are  known,  CuAl2,  Cu3Al,  and  Cu4Al.  An  in- 
vestigation of  the  solubility  of  CuAl2  in  aluminum  at  different 
temperatures  has  recently  been  made  by  Merica  and  his  collaborators 4 
who  have  found  that  the  solubility  of  CuAl2  in  aluminum  decreases 
with  decreasing  temperature  from  about  4  per  cent  at  525°  C.  to 
about  1  per  cent  at  300°  C. ;  apparently  it  is  less  at  still  lower  tem- 
peratures. The  line  dropped  from  k,  in  figure  1,  to  the  base  should 
not  be  perpendicular,  therefore,  but  it  should  curve  in  accordance 
with  the  temperature-solubility  of  CuAl2. 

The  liquidus — that  is,  the  temperature  curve  at  which  liquid  of  any 
composition  begins  to  deposit  solid  substance — is  represented  by  the 

8  Carpenter,  H.  C.  H.,  and  Edwards,  C.  A.,  Eighth  report  to  the  alloys  research  com- 
mittee on  the  properties  of  the  alloys  of  aluminum  and  copper :  Proc.  Inst.  Mech.  Eng., 
vol.  72,  1907,  p.  370. 

Gulliver,  G.  H.,  see  Carpenter  and  Edwards,  work  cited,  pp.  345-354. 

Guillet,  Leon,  Etude  theorique  et  industrielle  des  alliages  de  cuivre  et  d'aluminum : 
Rev.  de  metall.,  vol.  2,  1905,  pp.  567-588. 

Contribution  a  l'etude  des  alliages  cuivre-aluminum :  Compt.  rend.,  t.  133,  1901, 
pp.  684-686. 

Constitution  des  alliages  cuivre-aluminum :   Compt.  rend.,  t.   141,  1905,  pp.  464—467. 

Gwyer,  A.  G.  C,  Ueber  die  Legierungen  des  Aluminiums  mit  Kupfer,  Eisen,  Nickel, 
Kobalt,  Blei,  und  Cadmium :  Ztschr.  anorg.  Chem.,  vol.  57,  1908,  pp.  113-152. 

Andrew,  J.  H.,  Some  experiments  upon  copper-aluminum  alloys :  Jour.  Inst.  Metals, 
vol.  13,  1915,  pp.  249-262. 

Curry,  B.  E.,  and  Woods,  S.  H.,  The  tensile  strengths  of  the  copper-aluminum  alloys: 
Jour.  Phys.  Chem.,  vol.  11,  1907,  pp.  461-491. 

Campbell,  William,  and  Mathews,  J.  A.,  The  alloys  of  aluminum :  Jour.  Amer  Chem. 
Soc.  vol.  24,  1902,  pp.  253-266. 

Barree,  Maurice,  Sur  les  points  de  transformation  des  alliages  cuivre-aluminum : 
Compt.  rend.,  t.   149,   1909,  pp.  678-681. 

*  Merica,  P.  D.,  Waltenberg,  R.  G.,  and  Freeman,  J.  R.,  Constitution  and  metallography 
of  aluminum  and  its  light  alloys  with  copper  and  with  magnesium :  Bull.  Am.  Inst.  Min. 
and  Met.  Eng.,  July,  1919,  pp.  1031-1049. 


GENERAL   PRINCIPLES   INVOLVED. 


line  ABCDEFGHJK.  It  contains  several  points  of  more  or  less 
abrupt  change  in  direction,  particularly  at  B,  D,  H,  and  J.  The  rise 
in  the  curve  from  B  to  D  is  caused  by  the  separation  of  probably  two 
compounds.  Cu4Al  and  Cu?Al.  The  flexure  at  77  results  from  the 
separation  of  the  compound  CuAl,.  •/  is  the  eutectic  point  of  the 
system,  corresponding  to  the  alloy  of  lowest  melting  point,  67  per 
cent  aluminum.  Although  B  is  also  a  minimum  point,  the  alloy  cor- 
responding to  that  composition  does  not  show  a  eutectic  structure 
but  seems  to  be  a  solid  solution. 

The  determination  of  the  solidus  for  the  system  is  difficult  and  it 
is  not  given  completely.     From  16  to  100  per  cent  aluminum,  the 
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Figure   1. — Equilibrium   diagram   of  the  aluminum-copper   system    (after   Carpenter   and 

Edwards). 

solidus  is  probably  FefghHjJkK,  but  from  0  to  16  per  cent  aluminum 
the  solidus  is  in  doubt ;  both  the  solidus  and  the  liquidus  in  this  range 
lie  very  near  together.  The  solidus  and  liquidus  necessarily  coincide 
at  the  point  D,  where  the  compound  Cu3Al  separates  out.  The  hori- 
zontal line  jJh  represents  the  separation  of  the  eutectic  at  about 
:>4(>c  C.  In  the  diagram,  a  is  a  solid  solution  of  aluminum  in  copper, 
containing  up  to  approximately  9.4  per  cent  aluminum;  y'  is  the 
compound  Cu4Al;  0  is  the  compound  Cu3Al.  y  is  a  solid  solution 
which  may  contain  between  16  and  27  per  cent  aluminum;  ?'  is 
indistinguishable  from  y  by  any  chemical  or  microscopic  difference, 
but  f'  represents  simply  the  change  that  y  has  undergone  at  the  line 
105243—22 2 
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defG.    8  is  the  compound  CuAl2,  and  e  is  a  solid  solution  of  copper 
in  aluminum  containing  but  little  copper. 

HEAT  OF  FORMATION. 

When  alloys  are  formed  from  their  components,  the  union  takes 
place  either  with  a  development  or  with  an  absorption  of  heat,  but  the 
possibility  that  other  reactions  may  affect  the  heat  change  should 
not  be  overlooked.  Few  calorimetric  determinations  of  the  heat 
changes  occurring  in  the  formation  of  alloys  have  been  made,  but 
some  are  due  to  Person,5  and  to  Richards  and  Forbes,6  and  in  the 
case  of  aluminum-copper  alloys  to  Longuinine  and  Schukareff.7 
Direct  estimation  of  the  heat  of  solution,  or  formation,  of  alloys  is 
practicable  only  for  metals  and  alloys  of  low  melting  points,  and 
the  difficulties  involved  in  determinations  of  metals  of  high  melting 
points  are  almost  impossible  to  overcome.  The  indirect  method  of 
determining  the  heat  of  solution  involves  (1)  measuring  the  amount 
of  heat  developed  when  an  alloy  is  dissolved  in  a  liquid  chemical 
reagent,  and  then  (2)  in  comparing  the  result  so  obtained  with  the 
heat  calculated  for  an  alloy  of  the  same  chemical  composition  from 
the  observed  heats  of  solution  of  the  component  metals  dissolved  in 
the  same  chemical  reagent.  If  the  measured  heat  of  solution  of  the 
alloy  is  less  than  that  calculated  by  the  rule  of  mixtures,  the  differ- 
ence is  said  to  represent  the  heat  developed  in  the  formation  of  the 
alloy.  If  the  observed  heat  of  solution  is  greater  than  that  calculated, 
the  difference  represents  the  heat  absorbed.  This  method  for  deter- 
mining the  heat  of  solution  of  alloys  was  used  originally  by  Hess, 
and  has  been  employed  by  Gait8  and  Baker9  in  determinations  of 
various  alloys. 

In  the  experiments  of  Longuinine  and  Schukareff,  the  heats  of  for- 
mation were  determined  by  measuring  the  heat  of  solution  of  alumi- 
num, copper,  and  alloys  of  the  metals  in  aqueous  solutions  of  bromine 
and  potassium  bromide,  an  alloy  corresponding  to  the  formula  Cu2Al 
had  the  greatest  heat  of  formation,  but  no  such  intermetallic  com- 
pound exists.  The  data  in  Table  2  are  available  from  the  experi- 
ments of  Longuinine  and  Schukareff.    Baker's  experiments  indicate 

5  Person,  C.  C,  Untersuchung  fiber  die  latente  Schmelzwarme :  Ann.  der  Physik.. 
Jahrg.  76,  1849,  pp.  586-603. 

8  Richards,  T.  W.,  and  Forbes,  G.  J.,  Energy  changes  Involved  in  the  dilution  of  ainc 
and  cadmium  amalgams :  Carnegie  Inst.  Washington,  1916. 

7  Longuinine,  W.,  and  Schukareff,  A.  [Thermal  examination  of  some  alloys  of  aluminum 
and  copper]  :  Arch.  sci.  phys.  nat.  Geneve,  t.  15  (IV),  1903,  pp.  49-77;  and  abstracted 
in  Chem.  Zentral.,  Jahrg.  74  (1),  1903,  p.  498,  and  Jour.  Soc.  Chem.  Ind.,  vol.  22  (1), 
1903,  p.  368. 

8  Gait,  A,  Heat  of  combination  of  metals  in  the  formation  of  alloys ;  British  Asso.  Adv. 
Sci.,  Report,  1898,  pp.  787-788  ;  Report,  1899,  pp.  246-249. 

•  Baker,  T.  J.,  The  thermo-chemistry  of  the  alloys  of  copper  and  zinc ;  Phil.  Trans.  Roy. 
Soc.  London,  voL  196  A,  1901,  pp.  529-546. 
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that  for  intermetallic  compounds  the  greatest  heats  of  formation  oc- 
curred in  the  copper-zinc  system;  it  is  to  be  expected  that  the  same 
conditions  would  obtain  in  the  aluminum-copper  system. 

Table  2. — Heats  of  formation  of  alloys  of  aluminum  and  copper. a 


Composition.^ 


CU3AI. 
CujAl. 
CujAh 


Calories. 


123.5 
137.9 
71.0 


Composition. 


Calories. 


CuAl... 
CU0AI3. 
CuAl2.. 


20.8 

48.9 

-57.2 


a  See  Guillet,  Leon,  Etude  industrielle  des  alliages  metalliques,  1906,  pp.  731-732. 

t>  .Most  of  these  compositions  given  do  not  correspond  to  known  intermetallic  compounds. 

Entirely  satisfactory  figures  for  the  heat  of  formation  of  various 
alloys  of  aluminum  and  copper  are  not  available,  but  there  is  evi- 
dence enough  to  show  that  part  of  the  rise  in  temperature  occurring 
when  the  two  metals  are  alloyed  is  due  to  heat  of  formation.  It  is 
well  known  that  when  aluminum ,  is  added  to  molten  copper  there 
is  an  appreciable  and  immediate  rise  in  temperature.10  Some  dis- 
agreement has  existed  as  to  whether  this  rise  in  temperature  should 
be  ascribed  to  heat  of  formation  or  to  a  thermit  reaction  between  the 
aluminum  and  the  oxygen  in  the  copper.  The  figures  in  Table  2 
indicate  a  negative  heat  of  formation  for  CuAl2,  and  as  this  com- 
pound is  present  in  both  the  rich  alloys  and  in  No.  12  alloy,  it  would 
seem  that  any  heat  evolved  in  the  manufacture  of  these  alloys  by 
the  addition  of  copper  to  aluminum  would  be  the  result  of  the  strong 
exothermic  reaction  between  aluminum  and  oxygen.  When  rich 
alloys  are  made  by  adding  aluminum  to  copper,  it  is  certain  that 
the  compounds  Cu4Al  and  Cu3Al  are  formed  at  some  stage  of  the 
alloying,  and  that  some  of  the  rise  in  temperature  can  be  ascribed 
to  heat  of  formation. 

THERMIT  REACTION. 

The  possibility  that  reactions  other  than  heat  of  formation 
contribute  to  the  heat  change  observed  when  aluminum  is  added 
to  liquid  copper  has  been  mentioned.  When  aluminum  is  added 
to  liquid  copper,  the  temperature  usually  rises,  according  to  some 
observers,  40°  to  250°  C,  and  according  to  others  the  reaction 
often  raises  the  temperature  of  the  liquid  melt  to  an  intense  white 
heat.  The  available  evidence  appears  to  indicate  that  this  result 
should  not  be  attributed  solely  to  the  heat  of  the  solution  of  alumi- 
num in  copper,  as  has  been  done,11  but  rather  in  part  to  the  inter- 

10  Desch,  C.  H.,  Metallography,  London,  1910,  p.  297. 

Carpenter,  H.  C.  H.,  and  Edwards,  C.  A.,  Proc.  Inst.  Mech.  Eng.,  vol.  72.  1907,  pp.  87<- 
88,  and  discussion,  pp.  272,  278.  289.  325-326,  and  355. 

11  Curry,  B.  E.,  and  Woods,  S.  H.,  The  tensile  strengths  of  the  copper  aluminum  alloys : 
Jour.  Phys.  Chem.,  vol.  11,  1907,  pp.  461-491. 
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action  of  aluminum  and  copper  oxide,  or  to  aluminum  and  oxygen, 
or  to  both,  the  reaction  being:  strongly  exothermic.  The  usual  ther- 
mit reaction  is  bffsed  on  the  interaction  of  aluminum  and  the  oxygen 
of  a  metallic  oxide,  with  the  resultant  oxidation  of  the  aluminum  and 
the  reduction  of  the  metallic  oxide.  The  reasons  for  the  rise  in 
temperature  observed  when  aluminum  is  added  to  liquid  copper  have 
been  discussed  in  connection  with  the  work  of  Carpenter  and  Ed- 
wards.12 As  liquid  aluminum  is  in  contact  with  liquid  copper  in  the 
manufacture  of  the  rich  alloys,  some  experiments  in  connection  with 
this  rise  in  temperature  will  be  found  under  the  experimental  work 
carried  out  in  the  present  investigation. 

It  was  found  in  the  tests  made  by  the  British  investigators  above 
mentioned,  particularly  in  tests  on  the  preparation  of  90 :  10  copper- 
aluminum  alloys,  the  so-called  aluminum  bronze,  that  when  alumi- 
num was  added  to  liquid  copper  containing  oxygen  a  very  marked 
evolution  of  heat  occurred.  On  the  other  hand,  no  great  rise  in  tem- 
perature was  noted  when  the  copper  had  been  protected  properly 
from  oxidation.  Carpenter  and  Edwards  concluded  from  their  ex- 
periments that  the  rise  in  temperature  should  be  attributed  to  the 
combination  of  aluminum  and  oxygen,  not  of  aluminum  and  copper. 
Other  investigators  have  found  that  if  exactly  enough  aluminum  is 
added  to  reduce  all  the  copper  oxide  present  in  a  melt  of  oxidized 
copper,  subsequent  additions  of  aluminum  will  not  cause  any  marked 
rise  in  temperature.  Of  course  the  temperature  rises  when  aluminum 
is  added  to  liquid  copper,  owing  to  the  heat  of  formation  of  the 
alloy :  but  the  decided  rise  in  temperature  described  as  a  "  white 
heat "  is  due  mainly  to  the  thermit  reaction  of  aluminum  with 
copper  oxide.  This  reaction  is  destructive  of  crucibles,  and  the 
copper  should  be  melted  under  a  charcoal  cover  or  the  oxidation  of 
high-grade  copper  prevented  in  some  other  way. 

niFFUSION. 

Plentiful  evidence  shows  the  diffusion  of  metals  in  the  solid  state 
to  be  a  common  phenomenon,  the  experiments13  of  Roberts-Austen 
being  particularly  well  known.  That  one  solid  metal  can  dissolve 
another  has  been  demonstrated  by  maintaining  carefully  surfaced 
pieces  of  two  different  metals  in  intimate  contact  for  a  long  time. 
At  atmospheric  temperatures,  the  diffusion  is  very  slow,  but  it 
becomes  more  rapid  at  higher  temperatures:  if  a  solid  metal  of 
higher  melting  point  is  placed  in  a  liquid  metal  of  lower  melting 

12  Carpenter,  H.  C.  H.,  and  Edwards,  C.  A.,  Eighth  report     to  the  alloys  research  com- 
mittee on  the  alloys  of  aluminum  and  copper  :  Proc.  Inst.  Mech.  Eng.,  vol.  72,  1907,  p.  370. 

13  Roberts-Austen,  W.  C,  On  the  diffusion  of  gold  in  solid  lead  at  ordinary  temperatures  : 
Proc.  Roy.  Soc,  London,  vol.  67,  1900,  pp.  101-105. 

Diffusion  of  molten  metals    (Bakerian   lecture)  :   Phil.   Trans.  Roy.   Soc.   London,   vol. 
187,  1896-A,  pp.  383-415. 
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point,  diffusion  may  be  extremely  rapid,  depending  upon  the  tem- 
perature, the  individual  metals,  the  size  and  shape  of  the  im- 
mersed metal,  and  the  relation  of  the  volume  of  liquid  metal  to 
the  surface  area  of  solid  metal.  The  theoretical  aspects  of  diffu- 
sion are  of  very  little  value  in  attempting  to  determine  the  rate  of 
solution  of  a  solid  metal  in  a  liquid  metal,  but  for  copper  and 
aluminum  the  process  may  be  observed  conveniently  by  placing 
for  a  short  time  a  rod  of  solid  copper  in  liquid  aluminum  in  a 
crucible.  On  withdrawing-  the  rod.  a  fairly  adherent  coating  of  a 
brittle,  silvery-colored  alloy  rich  in  aluminum  will  be  found.  The 
percentage  of  copper  in  the  metal  remaining-  in  the  crucible  varies 
with  the  period  of  immersion  and  the  temperature.  Examination 
•  if  a  microsection  of  the  alloyed  rod  shows  structures  that  differ 
according  to  the  thickness  of  the  coating. 

In  Plate  I.  a  and  b  show  the  diffusion  of  copper  into  aluminum. 
These  micrographs  are  from  a  sample  obtained  by  suspending  a 
cylinder  of  solid  copper  in  liquid  aluminum  for  a  short  time  at  a 
temperature  below  the  melting  point  of  the  copper,  and  then  freez- 
ing the  aluminum  with  the  copper  in  place.  Differing  structures, 
indicating  different  chemical  composition,  can  be  shown  advan- 
tageously by  freezing  a  copper  rod  in  liquid  aluminum  after  a 
definite  period  of  immersion. 

Diffusivity  figures  are  not  of  much  practical  value;  they  are  likely 
to  be  in  error  when  determinations  are  made  of  the  diffusion  of  solid 
into  liquid  metals,  as  experiments  would  be  complicated  by  convection 
and  solution,  and  by  the  changes  that  constantly  occur  during  alloy- 
ing when  the  liquid  metal  is  becoming  progressively  richer  in  the 
solid  metal.  The  only  object  in  calling  attention  here  to  these  factors 
is  to  indicate  that,  in  practical  alloying,  they  can  not  be  overlooked 
with  safety:  but  the  figures  by  themselves  are  not  necessarily  ap- 
plicable to  foundry  problems. 

The  diffusion  of  metals  may  be  well  shown  also  bv  making  small 
superposition  ingots.  The  principle  of  filiation  14  enunciated  in  1900 
by  Le  Chatelier.  consists  in  the  superposition  of  two  metals  in  the 
liquid  state  in  the  order  of  their  densities.  The  diffusion  of  one 
metal  into  the  other  makes  it  possible  to  obtain  in  a  single  specimen 
the  entire  series  of  alloys  that  can  be  formed  by  the  metals.  The 
series  of  alloys  ranging  from  one  pure  metal  to  the  other  will  be  con- 
fined in  a  relatively  restricted  area,  and  the  thickness  of  the  area  will 
depend  upon  the  length  of  time  during  which  one  or  both  metals  were 
liquid,  upon  the  rate  of  cooling,  and  upon  the  amount  of  agitation. 

14  L€  Chatelier.  EL,  Alloys  by  superposition:  Proc.  Internat.  Assoc.  Test.  Mats..  6th 
Congress,  New  York,   1912,   Vol.   II, 2. 

Broniewski,  W.,  Relation  l)etween  the  structure  of  alloys  and  their  electric  properties. 
Work    cited.   IX-. 
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Though  the  preparation  of  superposition  ingots  serves  a  useful 
demonstrative  purpose,  it  has  a  rather  well-defined  limitation  in 
studying  alloys.  Le  Chatelier's  work  on  the  filiation  of  aluminum 
and  copper  is  interesting  in  connection  with  the  problem  of  prepar- 
ing light  aluminum-copper  alloys.  Plate  I,  c,  shows  the  superposi- 
tion of  aluminum  and  copper.  In  the  experiments  to  be  described 
later,  a  number  of  superposition  ingots  were  made  by  various  methods 
to  illustrate  the  principles  involved. 

CONVECTION. 

Convection  currents  in  melting  pots  hasten  the  solution  of  copper 
by  aluminum  when  No.  12  alloy  is  made  by  charging  copper  punch  - 
ings  or  sheet  into  liquid  aluminum.  Convection  is  increased  and 
solution  hastened  by  stirring  thoroughly  and  frequently.  More  or 
less  convection  occurs  in  any  vessel  heated  over  part  of  its  external  sur- 
face, and  both  diffusion  and  solution  are  aided  by  convection. 

SOLUTION. 

Copper  forms  with  aluminum  a  compound,  CuAl2,  which  has  a 
limited  solubility  in  aluminum  in  the  solid  state,  the  solubility  vary- 
ing with  the  temperature.  At  a  temperature  considerably  less  than 
the  melting  point  of  copper,  say  TOO0  C,  copper  may  be  alloyed  with 
aluminum  by  placing  solid  copper  in  contact  with  liquid  aluminum. 
The  combined  influence  of  solution  and  diffusion  probably  produces 
this  action.  Temperature  affects  both  solution  and  diffusion,  and 
the  rate  of  alloying  is  more  rapid  at  higher  temperatures;  for  ex- 
ample, the  rate  is  more  rapid  at  900°  C.  than  at  700°  C. 

PRESENT    METHODS    EMPLOYED    IN    PREPARING    LIGHT    ALUMI- 
NUM-COPPER ALLOYS. 

At  present,  three  well-defined  methods  are  used  for  incorporating 
copper  in  aluminum  in  the  preparation  of  light  aluminum-copper 
casting  alloys;  and  opinions  differ  as  to  which  is  the  most  suitable. 
These  methods  entail  the  use  of  (1)  copper;  (2)  33:67  copper- 
aluminum;  and  (3)  50:  50  copper-aluminum  alloy.  The  use  of  (1) 
and  (2)  has  been  mentioned  on  page  3.  In  using  either  of  the  rich 
alloys  to  introduce  copper,  the  entire  charge,  aluminum  pig  plus 
No.  12  scrap  plus  rich  alloy,  is  melted  down  at  once.  Minor  dif- 
ference in  practice  in  introducing  copper  by  any  of  the  various 
methods  will  be  briefly  indicated. 

USE  OE  COPPER  DIRECT. 

Some  foundries  prefer  to  make  the  92:8  alloy,  or  similar  alloys, 
by  the  use  of  copper  directly.     The  usual  practice  is  to  melt  the 
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aluminum  first  and  then  add  the  copper.  Copper  is  seldom  added 
as  ingot  or  cake,  because  large  pieces  take  too  long  to  alloy,  but 
usually  as  clean  light-gage  sheet,  as  round  disks  made  by  punch- 
ing sheet,  or  as  light  sheet  scrap;  copper  shot  can  be  used,  but  has 
no  advantages  over  scrap,  sheet,  or  punchings.  Some  apparent  ad- 
vantages and  some  objections  appear  in  thus  making  the  light  alloys, 
as  shown  by  opinions  of  representative  foundrymen,  as  given  below. 
(See  also  p.  12.) 

FOUNDRY  A. 

Our  present  method  is  to  melt  the  heat  of  pure  aluminum  and  to  stir  into 
it  8  per  cent  copper.  This  is  usually  done  by  using  heavy  clean  sheet  electro- 
lytic. If  the  copper  is  clean,  it  is  soon  absorbed.  We  do  not  believe  it  really 
melts,  but  perhaps  we  had  better  say  it  is  dissolved.  In  doing  this  we  always 
boil  the  copper  first  in  caustic  soda,  which  cleans  all  grease  and  foreign  mate- 
rial from  the  copper,  so  that  it  is  readily  attacked  by  the  aluminum  and  soon 
disappears.  We  obtain  very  good  results  by  doing  this,  and  our  chance  of 
error  is  only  one.  In  making  rich  alloys,  there  are  more  chances  of  error,  be- 
cause there  is  a  possibility  of  mistake  in  each  weighing. 

FOUNDRY  B. 

Adding  the  copper  in  the  form  of  sheet  scrap  and  punchings  has  been  tried 
and  discarded,  owing  to  the  difficulty  in  getting  the  aluminum  to  take  up  the 
copper. 

FOUNDRY  C. 

We  have  tried  strip  copper  and  find  that  it  gives  satisfactory  results,  but  it 
is  difficult  to  obtain  the  copper  in  strip  form  always. 

FOUNDRY   D. 

We  have  tried  the  use  of  pure  copper  but  have  not  had  much  success  with  it, 
the  result  usually  being  a  large  amount  of  shrinkage  and  porosity  in  the 
castings. 

COMMENT  ON  METHODS. 

The  most  evident  advantage  in  using  copper  instead  of  a  rich  alloy 
seems  to  be  the  obviating  of  the  cost  of  making  a  rich  alloy,  an 
item  that  normally  enters  into  the  selling  price  of  the  finished  cast- 
ings. Whether  there  would  be  a  saving  or  not  depends  on  several 
factors,  discussed  on  page  14.  The  difficulty  of  dissolving  copper 
in  aluminum  has  been  offered  as  an  objection,  but  copper  in  the  form 
of  light  punchings  and  sheet  goes  into  solution  in  aluminum  rapidly 
at  700°  C.  More  massive  pieces  dissolve  slowly  at  low  temperatures, 
but  fairly  rapidly  at  900°  C,  as  has  been  shown  by  experiment. 
Hence,  if  bulky  scrap  copper  is  used,  the  charges  must  be  heated  to 
high  temperatures,  and  this  heating  is  inadvisable  for  aluminum 
alloys,  because  the  soundness  of  the  resultant  castings  is  liable  to  be 
impaired  by  gas  absorption  and  by  oxidation. 

The  necessity  of  cleaning  the  copper  by  boiling  in  caustic  soda, 
according  to  the  practice  of  foundry  A,  seems  to  depend  solely  on 
the  condition  of  the  copper.     If  dirty  and  greasy,  cleaning  would 
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be  desirable,  but  cleaning  for  the  mere  sake  of  obtaining-  a  bright 
surface  simply  adds  to  the  production  cost.  If  the  copper  is  covered 
with  a  considerable  laj-er  of  copper  oxide,  appreciable  thermiting 
will  follow ;  hence  oxidized  copper  should  not  be  used. 

Some  foundries  have  had  difficulty  with  porosity  and  excessive 
shrinkage  in  castings  made  by  the  use  of  copper;  others  have  experi- 
enced nonuniformity  in  chemical  composition  of  product,  the  cast- 
ings running  "  hard  and  soft."'  Both  porosity  and  shrinkage  might 
be  traced  to  the  molding  and  melting  factors  more  readily  than  to 
the  method  of  making  the  alloy. 

Heterogenity  of  castings  can  follow  from  the  use  of  copper,  either 
through  failure  to  insure  complete  alloying  of  the  copper  or  through 
insufficient  mixing.  In  a  heat  of  No.  12  alloy  made  by  using  copper 
it  is  not  unusual  to  find  the  first  pour  running  3  to  5  per  cent  copper 
and  the  last  pour  9  to  10  per  cent  copper  if  the  heat  has  not  been 
thoroughly  stirred.  Much  of  the  trouble  in  using  copper  has  doubt- 
less come  from  inadequate  mixing;  it  takes  longer  to  effect  a  solu- 
tion of  copper  with  aluminum  than  to  dissolve  either  of  the  rich 
alktys  in  aluminum,  on  account  of  the  difference  in  the  melting 
points — aluminum.  658°  C. ;  copper.  1,083°  C. ;  33:67  copper-alu- 
minum alloy,  540°  C,  and  50:50  copper-aluminum  alloy,  575°  C. 
Metals  that  form  solutions  in  the  liquid  state,  and  in  whole  or  in 
part  in  the  solid  state,  are  of  ceurse  more  easily  alloyed  the  less  the 
difference  in  their  melting  points.  The  cost  saved  in  not  using  a 
rich  alloy  may  be  offset  by  the  greater  expense  incurred  in  dissolving 
the  copper  and  by  the  loss  in  defective  castings. 

USE  OF   33:67   ALLOY. 

The  33:67  alloy  is  used  in  some  foundries  but  less  widely  than 
either  pure  copper  or  the  50:50  alloy  in  the  production  of  light 
aluminum-copper  alloy  castings.  A  statement  from  a  typical  user 
follows : 

FOUNDRY  E. 

With  regard  to  the  introduction  of  copper  into  aluminum,  our  present  prac- 
tice is  to  make  up  a  33 :  67  copper-aluminum  rich  alloy.  We  somewhat  more 
favor  the  50:  50  alloy,  for  the  reason  that  it  is  more  easily  figured;  that  is,  mis- 
takes are  not  so  liable  to  be  made  in  calculating  charges.  Also,  less  aluminum 
has  to  be  used,  and  hence  remelted.  We  would  not  favor  more  copper  than  50 
per  cent  on  account  of  increased  melting  point.  The  33 :  67  alloy,  on  the  other 
hand,  has  a  slightly  lower  melting  point,  and  as  it  more  closely  approaches  the 
eutectic  it  is  probably  slightly  more  uniform  in  composition.  We  never  experi- 
enced any  segregation  with  the  50:  50  alloy,  however,  if  properly  handled.  Al- 
though we  favor  the  50:  50  alloy,  we  are  not  using  it  here,  as  we  see  no  great 
advantage  of  the  one  over  the  other.  In  making  up  the  final  alloy,  we  advocate 
the  use  of  some  scrap  with  the  pure  aluminum  and  rich  alloy,  all  charged  at 
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practically  the  same  t  inc.  We  usually  put  ifl  the  iiigot  and  throw  the  rich 
alloy  in  around  it.  It  all  goes  dpwn  about  the  same  time.  We  can  see  no  ad- 
vantage in  melting  either  separately  and  charging  the  other  with  it. 

A  copper-aluminum  alloy  of  33:67  composition  has  the  minimum 
melting  point  of  the  series  and  shows  a  typical  eutectic  structure;  it 
melts  at  about  5-10°  C.  (1,004°  F.).  An  eutectic  alloy,  so  far  as  its 
structure  is  concerned,  results  from  the  simultaneous  freezing  of  its 
two  components.  When  an  eutectic  alloy  is  frozen,  the  crystalliza- 
tion or  freezing  of  its  two  components  takes  place  simultaneously, 
and  thus  forms  a  very  intimate  mixture;  such  an  alloy  can  not  be 
properly  considered  as  homogeneous,  although  it  might  appear  so. 
In  the  33:  67  copper-aluminum  alloy,  segregation  will  not  occur  as  in 
the  £0:50  alloy.  The  low  melting  point  of  the  33:67  alloy  is  an  ad« 
vantage,  for  when  placed  in  liquid  aluminum  the  alloy  melts  almost 
immediately.  If  charged  solid  with  solid  aluminum,  it  will  melt  first 
and  the  aluminum  later,  but  some  of  the  solid  aluminum  will  diffuse 
into  the  liquid  rich  alloy  before  the  former  melts.  The  main  disad- 
vantage in  making  and  using  the  33  :  07  alloy  is  that  so  much  alumi- 
num must  be  melted  in  preparing  it.  and  larger  quantities  of  the 
alloy  must  be  used  in  making  No.  12  alloy.  Also,  to  calculate  charged 
with  the  33:67  alloy  is  not  so  easy,  but  it  has  proved  an  entirely 
satisfactory  rich  alloy  for  introducing  copper. 

use  or  so  :  so  alloy. 

The  majority  of  foundries,  it  appears,  favor  the  use  of  a  50:50 
copper-aluminum  alloy.  Certain  foundrymen  have  offered  the  fol- 
lowing expressions  on  the  employment  of  this  alloy. 

FOUNDRY    F. 

We  prefer  to  add  eopper  in  the  form  of  a  50>:  50  rich  alloy  with  aluminum. 
This  permits  the  use  of  copper  in  any  form,  because  it  has  to  he  melted  before 
the  aluminum  is  added.  The  rich  alloy,  east  in  the  form  of  pigs,  is  brittle  and 
can  be  broken  into  pieces  without  difficulty,  weighed  and  charged  into  the  final 
melt  at  any  stage;  i.  e..  the  rich  alloy  can  be  melted  first  or  added  later. 

FOUNDRY    G. 

Our  practice  is  to  use  the  60  :  50  alloy.  We  have  used  the  .'5?> :  67  mixture  with 
success  and  believe  one  is  as  satisfactory  as  the  other.  In  melting,  we  melt  the 
aluminum  and  rich  alloy  together,  the  latter  being  on  the  bottom  of  the  pot,  the 
mixture  being  stirred  while  the  melting  is  taking  place. 

FOUNDRY   H. 

We  are  using  a  •"><»:  50  alloy.  This  alloy  is  added  to  the  furnace  when  the 
eohl  charge  is  put  in  and  melts  down  with  the  rest  of  the  charge.  The  50:50 
alloy  seems  to  behave  very  satisfactorily,  melting  down  with  the  rest  of  the 
charge  and  giving  a  uniform  distribution  of  hardener  throughout  the  entire 
charge. 

105243—22 3 
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PROPERTIES   OF   50:50  ALLOY. 

The  50 :  50  copper-aluminum  alloy  melts  at  575°  C,  and  at  the  ordi- 
nary temperature  consists  of  delta  plus  eutectic.  In  contrast  to  the 
eutectic,  constituent  delta,  that  is,  the  compound  CuAL,  appears  light 
in  etched  microsections.  This  alloy  is  liable  to  segregate  unless  thor- 
oughhr  stirred  during  preparation  and  then  frozen  rapidly  by  cast- 
ing in  a  chill  mold.  If  segregated,  it  may  cause  slight  nonuniformity 
in  successive  heats  of  No.  12  alloy,  but  ordinarily  no  trouble  should 
result. 

COMPARISON  OF  METHODS. 

In  a  comparison  of  the  above  methods  the  foundryman  is  inter- 
ested in  knowing  (1)  which  method  is  most  economical,  (2)  which 
is  most  easily  used  in  the  foundry,  and  (3)  which  gives  the  best 
castings.  With  regard  to  the  use  of  copper,  the  main  advantage 
claimed  by  the  foundries  employing  that  method  is  that  charges  can 
be  weighed  more  accurately  than  when  a  rich  alloy  is  used.  This 
view  seems  to  be  untenable,  as  after  the  charges  are  calculated  the 
weighing  is  simple.  A  more  evident  advantage  should  be  from  re- 
duced costs  by  eliminating  the  expense  of  making  a  rich  alloy, 
although  in  alloying  copper  directly  the  charges  will  require  a 
longer  melting  period.  However,  unless  the  proper  relation  is 
worked  out  between  molding  and  melting,  the  melting  room  is  likely 
to  be  waiting  for  molds  and  the  charges  may  be  heated  longer 
than  is  actually  necessary.  The  best  practice  would  insure  that  the 
molding  should  always  be  ahead  of  the  melting.  In  this  way  the 
heats  would  be  poured  as  soon  as  ready,  for  molds  would  be  on  hand 
to  be  filled. 

Moreover,  difficulty  is  met  at  times  in  obtaining  a  supply  of  suit- 
able sheet  copper,  and  less  desirable  forms  of  copper  have  to  be  used, 
with  definite  disadvantages.  This  situation  is  perhaps  largely  de- 
pendent on  local  conditions  and  periodic  changes  in  the  copper-scrap 
market;  the  total  amount  of  scrap  copper  annually  available  in  the 
United  States  is  ample  to  provide  for  all  the  No.  12  alloy  made. 
Scrap  copper  may  be  had  in  the  following  forms:  Heavy  copper, 
consisting  of  copper  not  less  than  0.0625-inch  thick,  and  including 
heavy  wire,  clippings,  punchings,  and  segments;  No.  1  and  No.  2 
copper  wire ;  and  light  copper,  including  fabricated  copper  and  sheet. 
The  United  States  Geological  Survey  reports16  that  119,812  tons 
of  secondary  copper  were  recovered  in  1917  from  old  and  new  scrap. 

15  Dunlop,  J.  P.,  Secondary  metals  in  1917  :  Mineral  Resources  of  the  United  States, 
1917,  part  1,  p.  313. 
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If  foundries  have  difficulty  in  incorporating  copper  into  alumi- 
num by  the  use  of  copper  direct,  the  trouble  lies  in  the  use  of  too 
large  pieces,  in  not  stirring  thoroughly,  or  in  too  low  temperatures. 
The  charges  must  be  heated  to  800°  C.  or  above,  and  at  these  higher 
temperatures  the  copper  in  small  light  pieces  alloys  quite  readily 
with  aluminum.  One  metallurgist  in  the  alloy  industry,  however, 
wrote  in  a  private  communication  as  follows: 

Under  usual  working  conditions — that  is,  with  the  class  of  labor  available, 
etc. — I  do  not  believe  it  is  possible  to  use  pure  copper.  In  the  first  place,  I  do 
not  believe  a  uniform  product  can  be  produced.  Only  the  other  day  a  case 
came  to  my  attention  where  a  few  years  ago  a  foundry  went  through  a  period 
of  considerable  trouble  with  their  castings.  For  some  reason  it  took  this 
foundry  a  long  time  to  discover  why  their  castings  were  running  hard  and 
soft.     The  company  making  them  was  trying  to  alloy  copper  directly. 

The  writer's  experience  has  been  that  copper  may  sometimes  be 
used  to  advantage,  and,  in  fact,  will  be  just  as  satisfactory  as  a  rich 
alloy  if  proper  attention  is  given  to  details.  Metallurgically,  it  is 
generally  recognized  as  bad  practice  to  attempt  in  commercial  work 
to  alloy  directly  metals  of  greatly  different  melting  points. 

The  difference  between  the  melting  points  of  aluminum  and  copper 
is  425°  C.  In  alloying  the  two  metals  directly  for  the  production  of 
castings,  advantage  is  taken  of  the  effect  of  solution  and  diffusion 
in  the  solid  state  (copper),  but  normally  the  temperature  must  be 
raised  considerably  above  that  necessary  in  using  the  rich  alloys, 
either  33 :  67  or  50 :  50  alloy. 

The  use  of  a  rich  alloy,  usually  50 :  50  copper  aluminum,  is  an  old 
practice.  There  is  no  evidence  that  Xo.  12  alloy  made  by  the  use  of  a 
rich  alloy  is  better  than  when  made  with  copper,  but  the  use  of  50 :  50 
alloy  is  convenient.  Because  of  its  brittleness,  from  the  presence  of 
much  CuAl2,  it  can  be  broken  readily  and  weighed  with  great  ac- 
curacy. Furthermore,  by  the  use  of  this  alloy  the  melting  tempera- 
ture can  be  held  down.  The  50 :  50  alloy  is  much  more  brittle  than  the 
33:67,  and  for  that  reason  is  to  be  preferred.  The  main  objection 
offered  to  the  use  of  the  33 :  67  alloy  is  that  more  of  it  must  be  used 
than  of  the  50 :  50  alloy  in  making  up  Xo.  12 ;  furthermore,  it  is  not  very 
brittle  and  is  not  as  easily  calculated.  Light  aluminum-copper  alloys 
for  casting  purposes  may  be  most  conveniently  made,  therefore,  by 
using  the  50:50  alloy.  Under  the  conditions  of  fast  practice  obtain- 
ing in  large  foundries,  the  50 :  50  alloy  seems  to  be  safer ;  less  calculat- 
ing is  to  be  done:  the  alloy  melts  at  a  lower  temperature  than  alu- 
minum, insuring  its  ready  incorporation:  also  it  is  brittle  and  can  be 
weighed  accurately.  The  use  of  copper  may  sometimes  be  more  eco- 
nomical. So  far  as  the  quality  of  castings  is  concerned,  the  methods 
are  doubtless  equally  good,  provided  thorough  alloying  is  obtained 
when  copper  is  used. 
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METHODS   IN  USE   FOR   PREPARING   RICH  ALLOYS. 

The  rich  alloys  employed  for  introducing  copper  into  aluminum 
in  the  production  of  light  aluminum-copper  alloys  are  the  33:67 
and  50:50  copper- aluminum  alloys,  often  called  hardeners.  Found- 
ries manufacturing  aluminum-alloy" castings  may  either  prepare  the 
hardeners  or  purchase  them.  Methods  for  preparing  the  rich  alloys 
vary.  Whether  the  33:07  alloy  or  the  50:50  alloy  is  made  is  a  mat- 
ter of  little  moment  metallurgical ly.  as  the  principles  involved  are  the 
same  in  either  case.  Statements  on  the  relative  efficiency  of  methods 
follow  from  foundries  that  either  have  prepared  or  now  are  prepar- 
ing their  rich  alloys : 

FOUNDRY   T. 

Our  practice  in  making  50:50  alloy  is  to  melt  the  copper  and  the  aluminum 
separately,  and  then  pour  the  molten  aluminum  into  a  large  mixing  vessel  near 
the  copper  furnace.  The  molten  copper  is  then  poured  into  the  aluminum,  and 
the  whole  melt  is  vigorously  stirred.  The  resultant  alloy  is  then  cast  in  the 
form  of  pigs. 

FOUNDRY  J. 

In  making  the  50:50  alloy,  we  melt  the  aluminum  in  an  iron  pot  and  the 
copper  separately.  The  molten  copper  is  then  poured  into  the  molten  aluminum. 
This  we  consider  a  dangerous  and  expensive  method,  because,  even  though  the 
aluminum  is  "  just  "  melted,  when  the  copper  is  poured  into  it  the  resultant 
heat  is  high,  and  in  fact  we  think  too  high  for  this  alloy.  Furthermore,  we 
have  always  considered  this  the  best  method  of  making  the  50 :  50  alloy,  although 
when  pouring  the  copper  into  the  aluminum  we  believe  that  at  the  point  of  con- 
tact the  aluminum  is  overheated.  The  worst  method  of  making  the  50:  50  alloy. 
Ave  consider,  is  where  the  copper  is  melted  first  and  the  ingot  aluminum  intro- 
duced.    Here,  usually,  the  aluminum  is  burned  as  it  enters. 

FOUNDRY  K. 

Regarding  the  preparation  of  the  50:50  rich  alloy,  this  is  made  by  u* 
as  follows:  About  one-half  of  the  aluminum  is  melted  and  poured  into  a 
large  ladle,  brick  lined,  and  previously  heated.  The  aluminum  is  dulled  some- 
what by  adding  ingot  or  notch-bar  metal.  The  copper,  which  has  been 
previously  melted  separately,  is  then  added  to  the  aluminum,  stirring  the  mix- 
ture at  fhc  time.  The  alloy  in  the  large  ladle  is  very  fluid  after  the  addition 
of  th*  .-opper.  The  balance  of  the  aluminum  is  then  added  with  more  stirring 
to  chill  the  melt  down  to  a  reasonable  temperature.  The  alloy  is  then  dipped 
out  with  a  hand  ladle  and  poured  into  ingots,  which  are  later  broken  as 
needed. 

FOUNDRY  L. 

In  making  the  33:67  alloy  with  the  usual  means  of  melting,  we  favor  melt- 
ing the  aluminum  and  copper  separately  and  pouring  the  copper  into  the 
aluminum.  P.oth  should  be  melted,  and  we  usually  keep  out  a  small  piece 
of  aluminum  with  winch  to  hold  down  the  temperature  at  the  time  of  adding 
the  copper.  If  the  copper  is  melted  and  the  aluminum  added  to  it.  a  large 
crucible  lias  to  be  used  for  the  melting  of  a  small  amount  of  copper  or  the 
copper  lias  to  be  transferred  to  a  mixing  vessel:  this  is  undesirable.  If  an 
electric  furnace  could  be  used,  it  might  be  preferable  to  change  the  procedure. 
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COMMENTS. 

In  preparing  rich  alloy,  the  consensus  of  opinion  seems  to  be 
that  molten  copper  should  be  poured  into  molten  aluminum,  and 
an  endeavor  made  to  keep  the  temperature  low  during  pouring  by 
additions  of  cold  aluminum  pig,  and  the  operation  should  be  accom- 
panied by  vigorous  stirring.  One  foundryman  declares  that  the 
copper  should  be  first  melted  in  a  pot  and  then  cold  aluminum  added 
a  little  at  a  time.  Adding  too  much  cold  aluminum  freezes  the  melt, 
and  care  to  avoid  such  freezing  should  be  taken  when  liquid  copper 
is  poured  into  liquid  aluminum. 
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EXPEBIMENTS  IN  THE  PREPARATION  OE  RICH  ALLOYS. 

The  experiments  made  in  the  present  investigation  in  the  prepa- 
ration of  No.  12  alloy  included  the  use  of  33:67,  of  50:50,  and  of 
60 :  40  copper-aluminum  alloys  for  introducing  copper.  A  rich  alloy 
containing  60  per  cent  copper  and  40  per  cent  aluminum  is  very 
brittle  and  melts  at  practically  the  same  temperature  as  aluminum; 
less  of  this  alloy  is  required  to  make  up  a  heat  of  Xo.  12  alloy.  The 
60 :  40  alloy  is  not  used,  however,  in  any  foundry  in  the  United  States 
so  far  as  is  known.  The  properties  and  the  essential  steps  in  the 
manufacture  of  these  so-called  rich  alloys  have  already  been  given. 
Certain  disputed  points  have  been  in  evidence  in  connection  with 
their  preparation,  therefore  experiments  have  been  made  with  the 
object  of  procuring  data  and  of  observing  the  behavior  of  the  alloys 
under  the  conditions  of  manufacture.  Measurements  of  temperature 
changes  in  the  formation  of  the  alloys  have  been  made  under  different 
conditions,  data  on  dross  losses  during  melting  have  been  collected, 
structures  of  the  various  alloys  have  been  examined,  and  other  infor- 
mation has  been  obtained.  The  experiments  were  carried  out  under 
actual  foundry  conditions.  The  alloys  were  prepared  according  to 
three  different  methods  for  each  alloy.  Heats  were  made  up  (1)  by 
adding  solid  aluminum  to  liquid  copper;  (2)  by  adding  liquid  copper 
to  liquid  aluminum;  and  (3)  by  adding  solid  copper  to  liquid  alumi- 
num. The  alloys  might  have  been  prepared  also  by  adding  liquid 
aluminum  to  liquid  copper,  but  that  would  have  increased  the  oppor- 
tunity for  segregation,  and  such  experiments  were  not  made. 

The  metals  were  melted  in  gas-fired  crucible  furnaces,  natural 
gas  and  plumbago  crucibles  of  a  well-known  brand  being  used. 
The  resultant  liquid  alloys  were  stirred  with  an  iron  rod  from  which 
any  oxide  was  carefully  scraped  each  time  after  use;  they  were 
poured  into  small  pigs  weighing  about  4  to  6  pounds  each.  The 
higher  temperatures  were  read  with  a  platinum  and  platinum- 
rhodium  thermocouple  protected  by  a  quartz  tube,  and  the  lower 
temperatures  with  a  TVilson-Maeulen  Pyod.  using  an  indicating 
portable  pyrometer.  The  materials  employed  were  heavy  copper 
clippings,  light  copper  punchings.  and  aluminum  pig;  their  chemi- 
cal analyses  are  given  in  Table  4.  and  those  for  the  resultant  rich 
alloys  in  Table  5.  The  heavy  copper  used  in  experiments  A  1,  A  2, 
B  1,  B  2.  C  1,  and  C  2  was  in  the  form  of  heavy  clippings,  about 
0.5  to  1  inch  thick.  The  light  copper,  used  in  experiments  A  3, 
B  3.  and  C  3.  was  in  the  form  of  light  punchings  and  clippings, 
about  16  to  18  gage.  In  the  experiments  described  below,  the  state- 
ment is  made  that  the  materials  were  charged  into  hot  crucibles  at 
600°  C;  but  this  is  an  approximate  mean  temperature,  the  range 
being  from  400  to  700°  C.     In  order  not  to  complicate  matters  un- 
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duly.  000°  C  was  chosen  as  a  mean;  in  starting  from  a  cold  crucible 
a  correction  may  be  made.  To  heat  a  cold  crucible  to  600°  C.  re- 
quired on  the  average  27  minutes  or  a  <ras  consumption  of  2,800  to 
2,900  cubic  feet.  The  experiments  are  described  below  and  are 
summarized  in  Table  3  on  page  18. 

Table  4. — Analyses  of  materials  used  in  the  rich  alloy  experiments. 


Material." 

Flements. 

Cu 

Fe 

Si 

Per  cent. 
0.31 

A16 

Aliirrinum- 

Per  cent. 
n.  25 

99.91 
99.92 

Per  rent. 
0.39 

!\r  cent. 
99  05 

I  isht  eoiper 

o  The  light  cooper  was  used  in  experiments  A  3,  B  3,  and  C  3;  the  heavy  copper  was  used  in  experi 
A  1,  A  2.  I!  1,  B  2,  ('  1,  and  ('  2. 
b  Aluminum  by  difference. 

Table  5. — Chemical  analyses  of  the  rich  alloys  prepared. 


rn  eut 


Alloy  m: 

riements. 

Com- 
position 
sought, 
Cu:  Al 

Cu 

Fe 

Si 

Ala 

A  1 

Per  cent. 

Per  c(  rtt. 
0.54 

.51 
.44 
.43 
.49 
.55 
.46 
.58 
.  55 

Per  cent . 
0.41 
.34 
.32 
.34 
.35 
.35 
.31 
.  33 
.39 

per  cent. 
65.  20 
<\<K  62 
68.  16 
49.96 
50.  43 
49.  37 
38.92 
39.  52 
41.02 

| 

A  2 

>33  67. 

A3 

B  1 

49.27 

] 

B2... 

>50:50. 

B3 

CI 

60  25 

1 

C2 

59  57 

lB0:4<J. 

C3 

<•  Aluminum  by  difference. 


S  :{;<;  7    COPPER-ALUMINUM    ALLOY. 

The  33:67  alloy   was   prepared  by  the  three   different   methods 
mentioned  above. 

EXPERIMENT  A  i. 

In  experiment  A  1,  solid  aluminum  was  added  to  liquid  copper  to 
make  the  desired  alloy.    The  data  follow: 

Data  on  experiment  A  1. 

Charged  copper  into  ;i  hot  crucible  at  600°  C . pounds—    8.25 

Time  required  to  molt  the  copper minutes__         26 

Gas  consumption cubic feet-_  2,  S60 

Temperature  of  t lie  copper  at  the  time  the  tirst  aluminum  addition  was 

made °  C_-  1, 155 

Charged    aluminum    in    small    amounts   every    few    minutes   during   30 

minutes pounds- _  16.  75 

Final  temperature  of  the  alloy °C__       705 
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Total   gas  consumption cubic  feet__  3,860 

Poured  into  pigs  at °  C —       700 

Weight  of  pigs  poured pounds—         24 

Weight  of  dross  recovered do .85 

Shrinkage do .  15 

Loss  of  metal  due  to  oxidation  and  shrinkage percent 4 

EXPERIMENT   A  2. 

In  experiment  A  2  liquid  copper  was  poured  into  liquid  aluminum. 
The  data  are  as  follows  : 

Data  on  experiment  A  2. 

Charged  copper  into  a  hot  crucible  at  600°  C pounds__     8.  25 

Time  required  to  melt  the  copper minutes 28 

<  Jas  consumption cubic  feet 3,  080 

Temperature  of  the  copper   at  the  time  it   was  poured   into  the  liquid 

aluminum °  G__  1. 125 

Charged  aluminum    (in  a   separate  crucible)   at  600°   C pounds 16.75 

Time  required  to  melt  the  aluminum minutes—         27 

<  Jas  consumption cubic  feet__  2,  835 

Temperature  of  the  aluminum  at  the  time  the  copper  was  poured  in_°  C__       880 

Highest  temperature  of  the  resultant  alloy °  C 1,065 

Total  gas  consumption cubic  feet 5,915 

Poured  into  pigs  at °  C__  1.040 

Weight  of  pigs  poured pounds--  24.15 

Weight  of  dross  recovered do .65 

Shrinkage do .  2 

Loss  of  metal  due  to  oxidation  and  shrinkage percent--       3.4 

EXPERIMENT  A  3. 

Solid  copper  was  added  to  liquid  aluminum  in  experiment  3  A  in 
order  to  produce  the  desired  alloy. 

Data  on  experiment  A  3. 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds 16.75 

Time  required  to  melt  the  aluminum minutes 26 

(Jas   consumption cubic   feet—  2,730 

Temperature  of  the  aluminum  at  the  time  the  first  addition  of  copper 

was    made °C 820 

Charged    copper   in    small    amounts   every    few   minutes   during   20   min- 
utes     pounds-.     8.  25 

Highest    temperature  of  the  alloy °C__      925 

Total   tras  consumption cubic  feet—  2,730 

Poured  into  pii-rs  at °C S74 

Weighi    of  pigs  poured pounds—  23.55 

Weight  of  dmss  recovered do 1.15 

Shrinkage , do .  3 

Loss  due  to  oxidation  and  shrinkage per  cent—       5.8 

50:50     COPPER-ALUMINUM    ALLOT. 

The  50:50  alloy  was  made  under  the  same  conditions  and  by  the 
methods  described  for  the  33 :  67  alloy. 
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EXPERIMENT   B  i. 

In  Experiment  B  1  solid  aluminum  was  added  to  liquid  copper  to 
make  the  desired  alloy.     The  data  follow : 

Data  on  experiment  B  1. 

Charged  copper  into  a  hot  crucible  at  600°  C pounds—      12.  5 

Time  required  to  melt  the  copper ■. minutes 38 

Gas  consumption cubic  feet._  4, 180 

Temperature  of  the  copper  at  the  time  the  first  aluminum  addition  was 

made °C__  1, 120 

Charged  aluminum  every  few  minutes  during  20  minutes pounds 12.  5 

Temperature  of  the  alloy  after  an   addition   of  2  pounds  solid  alumi- 
num      __°C__  1,  225 

Temperature    rise do 105 

Final  temperature  of  the  alloy do 685 

Total  gas  consumption cubic  feet 4.  730 

Poured  into  pigs  at °C__       677 

Weight  of  pigs  poured pounds..  23.  55 

Weight  of  dross  recovered pound__  1 

Shrinkage do .25 

Loss  due  to  oxidation  and  shrinkage per  cent 5 

EXPERIMENT   B  2. 

In  experiment  B  2  liquid  copper  was  poured  into  liquid  aluminum. 
The  data  follow : 

Data  on  experiment  B  2. 

Charged  copper  into  a  hot  crucible  at  600°  C pounds..     12.5 

Time  required  to  melt  the  copper minutes 40 

Gas  consumption cubic  feet 4,  400 

Temperature  of  the  copper  at  the  time  it  was  poured  into  the  alumi- 
num     °C__  1,  203 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds__     12.  5 

Time  required  to  melt  the  aluminum minutes 26 

Gas  consumption cubic   feet 2,  730 

Temperature  of  the  aluminum  at  the  time  the  copper  was  poured °C__      705 

Highest  temperature  of  the  resultant  alloy °C__  1,  085 

Total  gas  consumption cubic  feet 7, 130 

Poured  into  pigs  at °C__  1,061 

Weight  of  pigs  poured pounds 23.  5 

Weight  of  dross  recovered do 1 

Shrinkage do .5 

Loss  due  to  oxidation  and  shrinkage per  cent 6 

EXPERIMENT    B  3. 

Solid  copper  was  added  to  liquid  aluminum  in  experiment  B  3. 
The  data  follow : 

Data  on  experiment  B  3. 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds 12.  5 

Time  required  to  melt  the  aluminum minutes —        24 

Gas  consumption cubic  feeet--  2,520 
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Temperature  of  the  aluminum  at  the  time  the  first  copper  addition  was 
made °C__      690 

Charged  copper  every  few  minutes  during  20  minutes pounds —    12.  5 

Highest  temperature  of  the  alloy °C—      906 

Total  gas  consumption cubic  feet—  3,145 

Poured  into  pigs  at °C__       887 

Weight  of  pigs  poured pounds—  22.  25 

Weight  of  dross  recovered do 2.  25 

Shrinkage do .5 

Loss  due  to  oxidation  and  shrinkage per  cent —        11 

EXPERIMENT   B  4. 

In  experiment  B  4  copper  was  melted  under  a  charcoal  cover  to 
prevent  oxidation,  and  solid  aluminum  was  then  added.  The  tem- 
perature rise  was  observed. 

Data  on  experiment  B  4. 

Charged  copper pounds 10 

Temperature  of  the  copper  at  the  time  the  aluminum  was  added °C 1,105 

Charged  solid  aluminum pounds 2.  5 

Temperature  of  the  resultant  alloy  after  the  aluminum  had  gone  into 

solution °C__  1,220 

Temperature   rise do 115 

EXPERIMENT   B  5. 

In  experiment  Boa  heat  of  50 :  50  alloy  was  made  in  an  electric 
furnace  (Baily  type),  by  adding  solid  aluminum  to  liquid  copper. 

Data  on  experiment  B  5 

Charged  copper  punchings  into  an  electric  furnace  at  1,020°  C pounds 50 

Time  required  to  melt  the  copper minutes 60 

Power  consumption kilowatt  hours 52 

Temperature  of  the  copper  at  the  time  the  first  aluminum  addition  was 

made °C__  1,  050 

Charged  solid  aluminum  every  few  minutes  during  60  minutes pounds 50 

Final  temperature  of  the  alloy °C—  965 

Total  power  consumption kilowatt  hours 114 

Poured  into  pigs  at '. °C__  800 

Weight  of  pigs  poured — pounds—  91.  5 

Weight  of  dross  recovered pounds 14 

Shrinkage (gain)  „ 

Loss  due  to  oxidation  and  shrinkage per  cent 8.  5 

60  :  40  COPPER- ALUMINUM  ALLOT. 

The  60 :  40  alloy  was  made  by  the  methods  mentioned  for  the  33  :  37 
alloy. 

EXPERIMENT   C  i. 

In  experiment  C  1  solid  aluminum  was  added  to  liquid  copper  to 
make  the  desired  alloy. 
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Data  on  experiment  C  1. 

Charged  copper  into  a  hot  crucible  at  <i<X)°  C pounds__  15 

Time  required  to  melt  the  copper minutes 42 

Gas  consumption cubic  feet—  4,  G20 

Temperature  of  the  copper  at  the  time  the  tirst  aluminum  was  added 

°C__  1.170 

Charged  aluminum  every  few  minutes  during  20  minutes pounds—  10 

Temperature  of  the   resultant   alloy   after   adding   2  pounds  aluminum 

°C—  1.2TS 

Temperature  change °C—  10S 

Final   temperature  of  the  alloy °C__  860 

Total  gas  consumption cubic  feet__  4,620 

Poured  into  piss  at °C__  S42 

Weight   of  pigs   poured pounds—  22.60 

Weight  of  dross  recovered do 2 

Shrinkage do .  4 

Loss  due  to  oxidation  and  shrinkage 9.6 

EXPERIMENT    C  2. 

Liquid  copper  was  poured  into  liquid  aluminum.    The  data  follow: 
Data  on  experiment  C  2. 

Charged  copper  into  a  hot  crucible  at  con    c pounds—  15 

Time  required  to  melt  the  copper minutes—  43 

Gas  consumption cubic  feet—  4,730 

Temperature    of    the    copper     at     the    time     it     was    poured     into    the 

aluminum °C 1,205 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds—  10 

Time  required  to  melt  the  aluminum minutes 21 

Gas  consumption cubic  feet__  2.205 

Temperature  of  the  aluminum  at  the  time  the  copper  was  poured  in °C__       750 

Highest  temperature  of  the  resultant  alloy °C—  1.256 

Total  _ras  consumption cubic  feet—  6.  935 

Poured  into  pigs  at °C__  1, 190 

Weight  of  pigs  poured pounds—  23.  5 

Weight  of  dross  recovered do 1 

Shrinkage do .  5 

Loss  due  to  oxidation  and  shrinkage per  cent 6 

EXPERIMENT    C  3. 

Solid  copper  was  added  to  liquid  aluminum  in  this  experiment. 
The  data  follow : 

Data  mi  experiment  C  -3. 

•  'barged  aluminum  into  a  hot  crucible  at  600°  C pounds.-  10 

Time  required  to  melt  the  aluminum minutes—  22 

Gas   consumption cubic  feet—  2.  310 

Temperature  of  the  aluminum  at  the  time  the  first  cupper  was  added_°C__  783 

Charged  copper  every  lew  minutes  during  35  minutes pounds—  15 

Highest  temperature  of  the  resultant  alloy °C —  855 

Final  temperature  of  the  alloy °C__  809 

Poured  info  p'gs  at °C__  7S7 
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Weight  of  pigs  poured pounds..  22.  15 

Weigh*  of  dross  recovered do 2.55 

Shrinkage do .  3 

Loss  due  to  oxidation  iin!  shrinkage per  cent__     11.  4 

EXPERIMENT   C4. 

In  the  preparation  of  60:40  alloy  an  experiment  was  made  for 
the  purpose  of  observing  the  temperature  changes  on  adding  succes- 
sive amounts  of  cold  solid  copper  to  liquid  aluminum.  The  data 
follow : 

Data  on  experiment  C  '/. 

( !harged  aluminum pounds—        10 

Temperature  of  the   aluminum    at   the    time   of   the    first    copper   addi- 
tion   °C__       785 


Temperature  changes  on  adding 

solid  copper  to  liquid  aluminum. 

Additions. 

Temper- 
ature, °C. 

Additions. 

Temper- 
ature, °C. 

785 
820 

Added  2  pounds  Cu  more 

846 

Do 

*40 

830 

850  ' 

SOh 

Do 

DISCUSSION   OF  THE   EXPERIMENTS. 

These  experiments  have  afforded  interesting-  data  on  the  rise  of 
temperature  when  solid  aluminum  is  added  to  liquid  copper.  Though 
most  of  the  melts  were  made  under  such  conditions  that  copper  oxide 
was  probably  present  in  the  liquid  copper,  some  showed  that  a  tem- 
perature rise  was  obtained  even  when  aluminum  was  added  to  copper 
melted  under  charcoal,  and  others  indicated  that  the  temperature 
rise  observed  on  adding  solid  copper  to  liquid  aluminum  continued 
with  successive  additions.  These  data  prove  that  part  of  the  tem- 
perature rise  is  due  to  oxidation  of  the  aluminum  and  part  of  it  to 
heat  of  formation  of  the  alloys.  Practically,  therefore,  it  is  advis- 
able to  employ  oxygen-free  copper  for  making-  the  rich  alloy-,  and 
the  copper  should  either  be  deoxidized  before  pouring-  into  the 
aluminum,  or  it  should  be  melted  under  reducing  conditions  in  order 
to  prevent  the  presence  of  any  considerable  amount  of  cuprous  oxide 
in  the  copper  bath. 

Moreover,  in  the  manufacture  of  rich  alloys,  it  is  desirable  to 
have  low  dross  losses  as  well  as  to  keep  down  the  melting  costs. 
By  the  methods  employed  in  the  present  experiments,  the  melting- 
costs  were  highest  for  the  three  alloys  when  liquid  copper  was 
poured  into  liquid  aluminum.  This  result  is  to  be  expected  as  two 
different  furnaces  were  running,  one  melting  copper  and  one  alum- 
inum.   In  the  other  methods,  where  the  one  solid  metal  was  added 
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to  another  liquid  metal,  some  saving  was  made  bj7  taking  advantage 
of  the  residual  heat  in  the  crucible  and  furnace.  The  total  losses — 
made  up  of  dross  plus  shrinkage — and  the  dross  losses  were  lowest 
when  copper  was  poured  into  liquid  aluminum.  These  losses  were 
very  heavy  when  solid  copper  was  added  to  liquid  aluminum. 

In  considering  the  dross  and  shrinkage  losses  in  Table  3,  the  reader 
should  remember  that  the  experiments  were  on  a  small  scale,  25- 
pound  charges  being  used.  The  relative  order  of  the  losses  in  pre- 
paring the  rich  alloy  by  the  different  methods  is  correct,  but  the 
actual  figures  are  not  representative  of  large-scale  practice,  in  which 
the  losses  would  be  considerably  lower.  Moreover  the  dross  is  not 
entirely  lost  in  commercial  practice,  for  considerable  metal  is 
recovered  by  running  down  the  dross  and  skimmings.  These  remarks 
also  apply  to  the  experiments  on  the  preparation  of  No.  12  alloy, 
described  on  page  32,  and  summarized  in  Table  10. 

From  these  experiments  the  conclusions  were  reached  that  the  best 
way  to  make  any  of  the  rich  alloys  is  to  melt  the  aluminum  and  cop- 
per separately  and  pour  the  copper  into  the  aluminum.  In  making 
50 :  50  alloy  on  a  large  scale,  2,000  pounds  or  so  at  a  time  a  satisfac- 
tory procedure  is  to  melt  about  one-third  of  the  total  aluminum  in  an 
iron  pot  or  other  suitable  vessel,  then  throw  in  cold  pigs  from  part  of 
the  remaining  aluminum  to  cool  the  melt;  solid  aluminum  floats 
around  in  the  liquid  metal.  The  copper  should  have  previously 
melted  separately,  and  with  the  aluminum  in  the  above  condition, 
pour  in  about  one-fourth  of  the  copper.  The  addition  of  the  copper 
raises  the  temperature  of  the  melt  and  to  cool  the  resultant  alloy 
throw  in  more  pigs  of  cold  aluminum.  About  one-fourth  additional 
copper  is  then  added,  followed  by  more  cold  aluminum,  and  so  on 
until  the  two  melts  have  been  properly  alloyed.  Stir  the  melt  thor- 
oughly during  the  additions  in  order  to  facilitate  alloying,  and  stir 
it  well  on  pouring  or  ladling  into  pigs. 

These  directions  admittedly  are  very  general,  and  the  quantities 
of  the  several  additions  will  vary  considerably  with  the  temperatures. 
Rich  alloys  should  be  made  under  the  supervision  of  a  competent 
melter,  and  the  use  of  pyrometers  for  frequent  temperature  measure- 
ments will  be  of  value.  In  any  event,  the  effort  should  be  made  to 
keep  the  temperatures  as  low  as  is  consistent  with  rapid  alloying  and 
with  preventing  the  alloy  from  freezing  in  the  mixing  vessel. 

METALLOGRAPHY  OF  THE  RICH  ALLOTS. 

Micrographs  showing  typical  structures  of  the  rich  alloys,  pre- 
pared in  connection  with  the  foregoing  experiments,  are  shown  in 
Plates  II  and  III.  In  Plate  II,  a  shows  the  structure  of  33 :  67  cop- 
per-aluminum alloy,  b  the  structure  of  the  50:50  alloy,  and  c  the 
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a,  MICROSTRUCTURE  OF  33:67  COPPER-ALUMINUM  ALLOY,  TYPICAL  EUTECTIC 
STRUCTURE,  ETCHED  WITH  NaOH,  X  200;  6,  MICROSTRUCTURE  OF  50:50 
COPPER-ALUMINUM  ALLOY,  ETCHED  WITH  NaOH,  X  200;  c,  MICROSTRUC- 
TURE OF  60:40  COPPER-ALUMINUM   ALLOY,  ETCHED  WITH   NaOH,  X  200. 
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60:40  alloy.  Plate  III  shows  the  upper  surface  of  a  chill-cast  pig 
of  50:50  alloy;  the  long  angular  crystals  are  typical  of  the  freezing 
of  these  rich  alloys. 

EXPERIMENTS  MADE  IN  PREPARING  NO.  12  ALLOY. 

Various  experiments  were  performed  in  connection  with  the  prep- 
aration of  Xo.  12  alloy,  as  it  is  used  more  widely  than  the  other  light 
aluminum-copper  alloys,  and  methods  suitable  for  making  Xo.  12 
alloy  are  satisfactory  for  allo}rs  containing  4  to  13  per  cent  copper. 
The  experiments  performed  in  this  connection  may  be  described  for 
convenience  under  two  subheadings,  laboratory  experiments  and 
foundry  experiments.  The  former  group  of  experiments  relates 
largely  to  procuring  data  on  the  rate  of  solution  of  copper  in  alu- 
minum and  on  the  diffusion  of  solid  copper  in  liquid  aluminum. 
In  the  foundry  experiments  heats  of  Xo.  12  alloy  were  prepared  by 
the  different  methods  mentioned  and  actual  castings  were  poured. 
Both  33 :  67  and  50 :  50  alloys  were  used  for  introducing  copper  and 
the  behavior  of  the  60:40  allov  was  also  studied.  (See  Table  10. 
p.  33.) 

LABORATORY    EXI'ERI MENTS. 

Laboratory  experiments  were  made  to  obtain  information  on  the 
alloying  of  solid  copper  and  liquid  aluminum.  Some  foundries 
casting  No.  12  alio}'  make  the  alloy  by  charging  copper  punchings 
into  a  bath  of  liquid  aluminum.  The  copper  alloys  with  the  alu- 
minum partly  by  diffusion  and  partly  by  solution:  the  rate  of  alloy- 
ing is  dependent  on  the  temperature  of  the  aluminum,  the  amount 
of  agitation,  the  size  and  thickness  of  the  copper  punchings,  and  the 
ratio  of  copper  surface  exposed  to  the  volume  of  the  bath.  A  num- 
ber of  superposition  ingots  were  made  also,  after  the  method  of  Le 
Chatelier  and  in  other  ways,  for  the  purpose  of  observing  filiation. 
The  materials  employed  in  these  laboratory  experiments  had  the 
chemical  compositions  shown  in  Table  6. 

Table  6. — Anah/ses  of  materials  ««<  d  in  diffusion  experiments. 


Material." 

Elements. 

Cu 

Fe 

Si 

* 

Al» 

Aluminum 

Per  cent. 

0.23 

99.82 

99.  vr 

99.86 

Per  cent. 
0.34 

Per  cent. 
0.31 

Per  cent. 
99.12 

1  .arep  copper  cvlinders . . 

Small  copper  cylinders . . 

«  Thelarge  copper  cylinders  (0.5-ineh  diameter)  were  employed  in  experiments  D  1  toD  14,  inclusive; 
(he  small  copper  cylinders  (0.3125-inch  diameterl  were  used  in  experiments  F.  1  to  E  9.  inclusive. 
b  Aluminum,  by  difference. 
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EXPERIMENTS   WITH   COPPER. 

In  order  to  obtain  figures  on  the  rate  of  solution  of  solid  copper 
in  liquid  aluminum,  the  following  experimental  method  was  em- 
ployed: Copper  cylinders  were  suspended  in  liquid  aluminum,  for 
various  times  and  at  different  temperatures,  and  withdrawn  after  the 
desired  time  had  elapsed:  then  the  resultant  alloy  was  poured  and 
analyzed  for  copper.  Strictly  speaking,  the  results  of  these  experi- 
ments can  not  give  a  truly  quantitative  measurement  of  anything 
other  than  the  rate  of  alloying  under  definite  conditions.  Solution,. 
diffusion,  and  convection  are  all  active,  and  the  results  give  values 
for  the  combined  effects  of  these  factors.  It  is  possible,  however,  to 
obtain  useful  information  from  such  experiments,  and  the  chemical 
analyses,  as  well  as  the  examination  of  the  copper  cylinders,  afford 
data  concerning  the  rate  of  alloying.  In  the  foundry  there  is  al- 
ways more  or  less  stirring  of  the  melts  when  heats  are  made  up. 
although  in  the  experiments  under  discussion  there  was  but  little. 
It  might  have  been  possible  to  employ  a  definite  rate  of  agitation 
in  these  experiments  by  rotating  the  crucible  at  a  constant  rate,  but 
the  net  practical  result  of  such  a  procedure  would  have  been  merely 
an  increase  in  the  rate  of  alloying. 

In  experiments  D  1  to  D  14.  inclusive.  100  grams  of  aluminum  were 
melted  and  brought  to  the  temperatures  shown  in  Table  5  (p.  20). 
Copper  cylinders.  0.5  inch  in  diameter  and  4  inches  long,  prepared 
by  melting  copper  punchings  in  a  graphite  crucible  and  pouring  into 
a  graphite  mold,  were  used  in  the  foregoing  experiments.  When  the 
aluminum  was  liquid  and  at  the  desired  temperature,  a  cylinder  was 
suspended  in  the  aluminum  by  means  of  a  graphite  holder  and  a 
bronze  clamp.  In  each  experiment  the  end  of  the  cylinder  was  0.25 
inch  from  the  bottom  of  the  crucible  and  the  same  surface  area  of 
copper  was  exposed  to  the  same  volume  of  aluminum.  The  alumi- 
num was  melted  in  a  fire-clay  crucible  of  such  a  size  that  100  grams 
of  liquid  aluminum  filled  the  crucible  about  three-quarters  full. 
After  a  cylinder  had  been  suspended  in  the  liquid  aluminum  for  the 
desired  time,  it  was  withdrawn  and  the  resultant  alloy  was  poured 
into  a  button.  In  each  test  the  alloy  was  stirred  thoroughly  before 
pouring  and  the  button  was  analyzed  for  copper.  Temperatures 
were  taken  with  a  base-metal  thermocouple.  In  all  the  experiments 
the  temperatures  given  indicate  the  original  temperature  of  the  alu- 
minum afthe  time  of  suspending  the  cold  copper  cylinder:  on  intro- 
ducing the  cylinder  the  temperature  fell  25°  to  40°  C.  This  drop 
was  recovered  by  increasing  the  power  on  the  furnace  and  thereafter 
the  temperature  of  the  liquid  aluminum  was  maintained  within  ±10° 
('.  of  the  desired  temperature.  When  the  cylinders  were  suspended 
for  only  one  minute  or  two  and  one-half  minutes,  the  drop  was  not 
recovered.     Results  are  shown  in  Table  7. 
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Table  7. — Diffusion  experiments,  large  copper  cylinders  in  liquid  aluminum.0 


Experiment. 

Time, 
minutes.'' 

Temper-     Copper, 
ature,            per 
"C.e           c-ent.d 

Experiment.       Jj™'  ,, 

Temper- 
ature, 

°C.c 

Copper, 

per 
cent.d 

I)  1 

1.0 
2.5 
5.0 
7.5 
10.0 
45.0 
1.0 

700 
700 
'700 

0.17 
.18 
.26 

D  8 

2.5 

800 
800 
800 
900 
900 
900 
900 

1.35 

l>  2 

D9 

15.0 
45.0 
1.0 
5.0 
7.5 
20.0 

2.80 

D  3 

D  10 

3s.  s2 

1>  I 

700                .77 
700               2.26 
700             20.50 
800                .  90 

D  11 

1.92 

D  5 

D  12 

4.27 

1)  6 

D  13 . 

11.14 

1)  7 

D  14 

41.01 

"  Cylinders  of  copper,  0.5-inch  diameter,  were  suspended  in  100  grams  aluminum. 

6  Time,  in  minutes,  during  which  the  copper  cylinder  was  suspended  in  the  liquid  aluminum  . 

i  Temperature  of  the  liquid  aluminm. 

d  Percentage  of  copper  in  the  alloy  buttons  poured. 

In  further  experiments  on  the  rate  of  alloying  solid  copper  and 
liquid  aluminum,  copper  cylinders  0.3125  inch  in  diameter  and 
3  inches  long  were  placed  in  liquid  aluminum  at  various  tempera- 
tures and  for  different  periods  of  time.  These  cylinders  were  not 
suspended  but  were  placed  in  the  aluminum  so  that  practically  the 
same  surface  area  was  exposed  to  the  same  volume  of  aluminum 
in  each  experiment.  The  cylinders  were  withdrawn  after  the  de- 
sired time;  the  resultant  alloy  was  stirred  thoroughly  and  poured 
into  a  button,  which  was  analyzed  for  copper.  In  order  to  ascer- 
tain whether  the  surface  condition  of » the  copper  influenced  the 
rate  of  alloying  or  not,  some  of  the  cylinders  were  cleaned  freshly, 
before  immersion  in  the  aluminum,  by  boiling  in  10  per  cent  sodium 
hydroxide  solution  and  then  washing  with  water.  Those  cylinders 
not  cleaned  had  a  slight  film  of  oxide  on  the  surface.  The  experi- 
ments showed  that  cleaning  does  not  appreciably  influence  the  rate 
of  alloying  provided  the  copper  is  not  excessively  dirty.  Table  8 
summarizes  the  experiments  with  the  smaller  cylinders. 

Table  8. — Diffusion  experiments,  small  copper  cylinder*   in   liquid  aluminum.0 


Experiment. 

Time, 
minutes.  t> 

Tempera- 
ture, °C.<- 

Copper,   Condition  of  copper 
per  cent  d            surface. 

El 

2.0 
5.0 
10.0 
1.0 
2.0 
5.0 
1.0 
2.5 
5.0 

700 
700 
700 
800 
800 
S00 
900 
900 
900 

i 
0.60  I  Oxide  film. 

E  2 

6.63     Freshlv  cleaned. 

E  3 

21.94             Do. 

E  4 

.16             Do. 

E  5... 

1  7s     Oxide  film. 

F.  6 

6. 58     Freshlv  cleaned. 

E  7 

4.26     Oxide  film. 

E  8 

7.75     Freshlv  cleaned. 

E  9 

9.45             Do. 

a  Copper  cvlinders.  0.3125-inch  diameter,  suspended  in  100  grams  aluminum. 

&  Time,  in  minutes,  during  which  the  copper  cylinders  were  in  contact  with  the  liquid  aluminum. 

c  Temperature  of  the  liquid  aluminum. 

d  Percentage  of  copper  in  the  alloy  buttons  poured. 

Additional  experiments  were  made  with  thin  copper  punchings 
of  circular  form,  punched  from  medium  sheet.     These  punchings 
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went  into  solution  rapidly  even  at  low  temperatures;  one  30-gram 
punching;  dissolved  completely  in  five  minutes  at  700°  C.  in  175 
grams  of  aluminum,  with  no  agitation. 

DISCUSSION   OF   THE   EXPERIMENTS   WITH    COPPER. 

The  data  of  the  experiments  on  the  diffusion  of  copper  in  alumi- 
num, summarized  in  Tables  7  and  8,  show  that  copper  may  be  alloyed 
readily  with  aluminum  when  solid  copper  is  placed  in  contact  with 
liquid  aluminum,  but  the  data  show  tendencies  rather  than  precise 
results.  The  rate  of  alloying  is  a  function  of  the  temperature  of  the 
aluminum,  the  size  and  shape  of  the  copper,  and  the  ratio  of  the 
surface  area  of  the  copper  to  the  volume  of  the  aluminum.  Copper 
goes  into  solution  (alloys)  with  aluminum  faster  with  increasing 
temperatures,  and  small  pieces  of  copper  dissolve  more  quickly  than 
larger  pieces,  as  may  be  seen  by  comparing  the  percentages  of  copper 
in  the  alloy  buttons  poured  in  Experiments  D  1  to  D  14  with  those 
in  E  1  to  E  9;  in  the  former,  0.5-inch  diameter  cylinders  were  em- 
ployed, and  in  the  latter  0.3125  inch.  Light-gage  punchings  go  into 
solution  rather  rapidly  even  at  700°  C.  It  can  be  seen  therefore  that 
it  is  advisable  to  use  light  sheet  copper,  if  copper  is  to  be  employed 
in  preparing  No.  12  or  similar  alloys  on  a  commercial  scale. 

FILIATION   EXPERIMENTS. 

A  few  superposition  ingots  of  copper  and  aluminum  were  made 
in  order  to  show  filiation  for  the  aluminum-copper  system,  and 
to  study  its  relation  to  the  general  subject  in  hand.  These  super- 
position ingots  were  made  up  in  a  number  of  different  ways,  but 
the  results  were  all  similar.     The  experiments  are  described  below: 

EXPERIMENT  F   1. 

In  experiment  F  1,  the  copper  was  liquefied  in  a  graphite  crucible, 
0.75  inch  in  diameter  and  4  inches  deep  inside,  the  crucible  being 
about  one-half  full  of  copper.  Small  pieces  of  solid  aluminum  were 
added  as  fast  as  they  melted,  until  the  crucible  was  almost  full. 
Dropping  in  the  aluminum  caused  some  agitation.  When  full 
of  metal,  the  crucible  was  removed  from  the  furnace  and  cooled 
in  air. 

EXPERIMENT  F  2. 

The  conditions  for  experiment  F  2  were  the  same  as  for  experiment 
F  1,  but  a  crucible  0.5  inch  in  diameter  and  4  inches  deep  was  em- 
ployed. 

EXPERIMENT   F   3. 

In  this  experiment  copper  was  melted  in  a  graphite  crucible,  0.75 
inch  in  diameter  and  4  inches  deep,  in  one  furnace.    Aluminum  was 
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MICROGRAPHS  FROM  FILIATION  INGOT:  a,  1  CENTIMETER  FROM  THE  COPPER, 
X  200;  6,  2  CENTIMETERS  FROM  THE  COPPER,  X  200;  c,  3  CENTIMETERS  FROM 
THE  COPPER,  X  200;  d,  4  CENTIMETERS  FROM  THE  COPPER,  X  200,  ETCHED 
WITH  NaOH;  e,  6  CENTIMETERS  FROM  THE  COPPER,  X  200;  /,  5  CENTIMETERS 
FROM   THE  COPPER,   X  200,   ETCHED  WITH    NaOH. 
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a  DIFFUSION  OF  COPPER  INTO  ALUMINUM,  X  50;  6,  Dl  FFUSION  OF 
COPPER  INTO  ALUMINUM.  X  25;  c,  CuAI2  (LIGHT)  AND  EUTECTIC 
(DARK)    FROM    ONE  OF  THE   BANDS    IN   6,    X   200. 
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melted  in  a  clay  crucible  in  another  furnace.  When  both  were  liquid, 
the  aluminum  was  poured  into  the  copper  until  the  graphite  crucible 
was  full.    Then  the  whole  melt  was  allowed  to  cool  in  air. 

EXPERIMENT    F    4. 

A  cylinder  of  solid  copper  was  placed  in  a  graphite  crucible  0.5 
inch  in  diameter  and  4  inches  deep ;  as  the  cylinder  had  been  cast  in  a 
crucible  of  this  size  it  fitted  snugly.  The  cylinder  was  2  inches  long 
and  its  upper  surface  was  made  smooth.  A  cylinder  of  aluminum,  of 
the  same  dimensions  as  the  copper  cylinder  and  with  its  lower  sur- 
face smooth,  was  placed  in  the  crucible  so  that  the  smooth  surfaces 
were  in  contact.  The  whole  crucible  was  then  heated  for  two  hours 
at  750°  C.  and  cooled  in  air. 

EXPERIMENT   F    5. 

The  conditions  for  this  experiment  were  the  same  as  in  experiment 
F  4,  but  a  crucible  0.75  inch  in  diameter  and  4  inches  deep  was  em- 
ployed; the  crucible  was  brought  up  from  room  temperature  to 
800°  C.  and  then  cooled  with  the  furnace. 

DISCUSSION    OF    THE    FILIATION    EXPERIMENTS. 

When  solid  copper  is  placed  in  contact  with  liquid  aluminum  at  a 
temperature  below  the  melting  point  of  the  copper,  the  two  metals 
alloy,  the  rate  of  allo}dng  being  dependent  on  the  temperature. 
When  the  metals  are  placed  in  contact  with  the  lighter  metal,  alu- 
minum, on  top,  the  copper  molecules  seem  to  migrate  upward.  In 
experiment  F  3,  in  which  liquid  aluminum  was  poured  on  liquid  cop- 
per, a  section  6  cm.  from  the  copper  (PI.  IV,  e)  contained  about  9 
per  cent  copper.  The  ingot  made  was  polished  along  one  side  and 
examined  under  the  microscope  for  general  characteristics.  The 
micrographs  in  Plate  IV  represent  areas  at  distances  of  1  to  6  cm. 
from  the  copper  toward  the  upper  end  of  the  ingot,  the  amount  of 
copper  becoming  progressively  less  with  the  distance.  No  aluminum 
could  be  found  in  the  bottom  end  of  the  ingot. 

In  Plate  V,  a  is  a  panoramicrograph  across  the  alloy  band  on 
the  ingot  from  experiment  F  3,  the  copper  being  the  short  band 
at  the  top ;  b  is  a  similar  micrograph  of  a  diffusion  sample  obtained 
by  freezing  a  copper  rod  in  liquid  aluminum  after  suspending  it 
for  5  minutes  at  700°  C,  the  copper  being  the  light  band  at  the 
top.  In  both  these  photographs  the  changes  in  microstructure 
from  top  to  bottom  illustrate  the  variation  in  copper  content,  start- 
ing from  pure  copper  in  the  sample  and  proceeding  toward  parts 
leaner  in  copper.  Plate  V,  c,  shows  the  structure  of  one  of  the  bands 
in  b ;  the  structure  corresponds  to  an  alloy  approximating  55  per  cent 
aluminum  and  45  per  cent  copper.     The  delta  constituent,  CuAl2, 
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appears  light  since  it  is  electronegative  to  the  eutectic.  The  study  of 
alloys  by  preparing  superposition  ingots  is  interesting  but  not  con- 
ducive to  practical  results;  better  and  more  reliable  methods  exist. 


FOUNDRY   EXPERIMENTS. 

To  obtain  comparative  data  regarding  the  methods  recommended 
for  preparing  light  aluminum-copper  alloys,  a  number  of  foundry 
experiments  were  performed,  in  which  heats  of  No.  12  alloy  (92 : 8 
aluminum-copper)  were  made  up  by  the  use  of  copper,  and  of  33:67, 
50:50.  and  60:40  copper-aluminum  alloy,  the  heats  being  melted 
in  plumbago  crucibles  in  a  gas-fired  crucible  furnace.  Sand  cast- 
ings poured  from  each  heat  were  examined  for  homogeneity  and 
general  characteristics.  In  all  heats  the  endeavor  was  made  to 
keep  the  conditions  the  same  as  far  as  possible;  the  variables  in- 
cluding time,  temperature,  and  the  method  of  introducing  the 
copper.  The  chemical  composition  of  the  materials  employed  in 
these  experiments  is  given  in  Table  9. 

Table  9. — Chemical  analyses  of  materials  used  in  preparing  No.  Li  alloy  in  the 

foundry. 


Material.a 

Elements. 

Cu 

Fe 

Si 

A 16 

Per  cent. 
0.25 
99.91 
99.92 
33.05 
49.24 
59.  29 
8.38 

Per  cent. 
0.39 

Per  cent. 
0.31 

Per  cent. 
99  05 

Ileavv  copper 

33jR7  allov 

0.50 
0.49 
0.53 
0..58 

0. 36 
0.35 
0.32 
0.41 

66.09 

50:50  alloy 

49.92 

60:40  allov 

39. 86 

Xo.  12  allov 

90. 63 

a  The  light  copper  was  used  in  experiments  G  1,  G  2,  G  4,  and  the  heavy  copper  in  experiment  G  3. 
b  Aluminum,  by  difference. 

No.  12-alloy  scrap  was  used  in  some  of  the  heats  in  order  to  approx- 
imate foundry  practice  more  closely.  Pouring  temperatures  were 
taken  with  a  Wilson-Maeulen  Pyod.  Table  10  gives  a  summary  of 
the  experiments,  which  are  described  below  in  detail. 
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The  chemical  analyses  of  samples  taken  from  the  castings  poured 
in  experiments  G  to  J  appear  in  Table  11. 

Table  11. — Chemical  analyses  of  some  of  the  castings  poured  m  the  No.  12- 

alloy  experiments. 


Experiment. 

Elements. 

Cu 

Fe 

Si 

Alo 

Gl 

Per  cent. 
7.47 
7.66 
8.29 
8.19 
8.23 
8.13 
7.92 
7.94 

Per  cent. 
0.49 
.48 
.61 
.54 
.48 
.42 
.62 
.58 

Per  cent. 
0.33 
.40 
.38 
.38 
.44 
.38 
.42 
.40 

Per  cent. 
91.71 

G2 

91  46 

HI 

90  72 

H2 

90  89 

11 

90  85 

13 

91  07 

J  1 

91  04 

J  2 

91  08 

a  Aluminum,  by  difference. 


USE  OF  COPPER. 


In  the  experiments  on  the  preparation  of  No.  12  alloy  by  alloying 
solid  copper  and  liquid  aluminum,  the  aluminum  was  melted  first  in 
the  crucible,  and  the  copper  was  added  later.  Two  experiments, 
G  1  and  G  2,  were  made  to  observe  the  effect  of  agitation.  In  ex- 
periment G  1  the  copper  was  added  and  allowed  to  sink  to  the  bot- 
tom, no  stirring  was  done,  and  the  metal  was  poured  into  castings 
after  standing  for  30  minutes.  In  experiment  G  2,  the  copper  was 
added  as  in  experiment  G  1,  but  the  melt  was  thoroughly  stirred 
every  few  minutes.  The  melt  was  held  in  the  furnace  for  30  min- 
utes, and  was  well  stirred  again  before  pouring.  The  data  are  given 
below : 


EXPERIMENT  G   1. 


Solid  copper  was  added  to  liquid  aluminum  without  stirring.     The 
data  follow : 


Data  on  experiment  G  1. 

Charged  aluminum  into  a  hot  crucible  at  600°   C pounds-. 

Time   required   to   melt   the   aluminum minutes_. 

Gas    consumption cubic    feet- 
Temperature  of  the  aluminum  at  the  time  copper  was  added °C_. 

Charged    copper pounds— 

Highest  observed  temperature  of  the  resultant  alloy °C— 

Total  gas   consumption cubic  feet— 

Final  temperature °C_. 

Pouring  temperature  of  castings °C_. 

Weight  of  castings  and  pigs  poured pounds- 
Weight  of  dross  recovered do 

Shrinkage  do 

Loss  due  to  oxidation  and  shrinkage per  cent— 


23 
2,415 

697 

o 

765 

2,940 

740 

732 

24.9 

.2 

+.1 

.4 
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EXPERIMENT    G    2. 

Solid  copper  was  added  to  liquid  aluminum  with  thorough  stirring. 

The  data  follow : 

Data  on  experiment  G  2. 

Charged  aluminum  into  a  hot  crucible  at  600°   C pounds—        23 

Time  required  to  melt  the  aluminum minutes —        28 

Gas   consumption cubic   feet__  2,  940 

Temperature  of  the  aluminum  at  the  time  copper  was  added °C —      686 

Charged    copper pounds—  2 

Highest  observed  temperature  of  the  resultant  alloy °C 765 

Total    gas    consumption cubic  feet 3,465 

Final  temperature °C 750 

Pouring    temperature    of   castings °C 744 

Weight  of  castings  and  pigs  poured pounds—    24.  7 

Weight  of  dross  recovered do .  2 

Shrinkage  do .  2 

Loss  due  to  oxidation  and  shrinkage percent —      1.2 

Some  additional  foundry  experiments  were  made  in  preparing 
No.  12  alloy  by  adding  copper  directly.  In  one  experiment,  the  cop- 
per was  melted  first  and  the  aluminum  added  later;  in  the  other, 
the  aluminum  was  melted  first  and  the  copper  added  later,  but  the 
temperature  of  the  aluminum  was  considerably  higher  than  in  ex- 
periments G  1  and  G  2.  These  additional  experiments  are  described 
below. 

EXPERIMENT  G   3. 

In  experiment  G  3,  the  copper  was  melted  first  and  the  aluminum 
added  later.     The  data  follow : 

Data  on  experiment  G  3. 

Charged  copper  into  a  hot  crucible  at  600°  C pounds—  2 

Time  required  to  melt  the  copper minutes—  23 

Gas  consumption cubic  feet__  2,  415 

Temperature  of   the  copper  at   the  time   the  first   aluminum   addition 

was  made _ °C —  1, 128 

Charged   aluminum    in    small   amounts   every   few    minutes    during   35 

minutes—. pounds—  23 

Highest  observed  temperature °C—  1, 195 

Total  gas  consumption cubic  feet—  4,  515 

Final  temperature °C__  754 

Pouring  temperature  of  castings °C—  710 

Weight  of  castings  and  pigs  poured pounds—  24.  5 

Weight  of  dross  recovered do .  5 

Shrinkage do ° 

Loss  due  to  oxidation  and  shrinkage per  cent—  2 

EXPERIMENT   G   4. 

In  experiment  G  4,  the  aluminum  was  melted  first  and  the  copper 
added  later. 
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Data  on  experiment   G  Jf. 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds.-         23 

Time  required  to  melt  the  aluminum minutes 31 

Gas  consumption cubic  feet__  3.255 

Temperature  of  the  aluminum  at  the  time  copper  was  added °C 715 

Charged  copper pounds—  2 

Highest  observed  temperature  of  the  resultant  alloy °C 950 

Total  pas  consumption cubic  feet__  3,780 

Final  temperature °C 928 

Pouring  temperature  of  castings °C 720 

Weight  of  castings  and  pigs  poured pounds 24.  75 

Weight  of  dross  recovered do .35 

Shrinkage l do +.  1 

Loss  due  to  oxidation  and  shrinkage per  cent 1 

USE   OF  33:67  COPPER-ALUMINUM   ALLOY. 

Heats  of  Xo.  12  alloy  were  made  up  by  using  the  33 :  67  rich  alloy 
for  introducing  the  copper.  In  foundry  practice  it  is  customary  to 
charge  the  rich  alloy  and  the  aluminum  plus  Xo.  12-alloy  scrap  at 
once,  and  the  whole  charge  is  presumed  to  go  down  at  once :  as  a  mat- 
ter of  fact,  the  rich  alloy,  whether  33  :  67  or  50 :  50,  melts  first  and  the 
aluminum  later.  It  is  possible  to  make  up  heats  of  Xo.  12  alloy  by  use 
of  a  rich  alloy  in  at  least  three  ways:  (1)  By  charging  the  rich  alloy 
and  the  aluminum  together:  (2)  by  melting  the  aluminum  first  and 
then  adding  solid,  rich  alloy:  and  (3)  by  melting  the  rich  alloy  first 
and  adding  the  aluminum  later.  Also,  the  aluminum  and  the  rich 
alloy  might  be  melted  separately  and  the  one  poured  into  the  other. 
Practically  the  first  and  second  methods  are  most  likely  to  be  used, 
but  data  regarding  the  third  are  presented  also  for  the  sake  of  com- 
parison. 

EXPERIMENT    H    1. 

In  experiment  H  1  the  required  amounts  of  rich  alloy,  aluminum, 
and  Xo.  12-alloy  scrap  were  charged  together. 

Data  on  experiment  H  1. 

Charged  aluminum  into  a  hot  crucible  at  600° pounds—  9.47 

Charged  No.  12-alloy  scrap do 12.5 

Charged  33  :  67  alloy do 3. 03 

Time  required  to  melt  the  charge minutes—  23 

Gas  consumption cubic  feet —  2,415 

Highest  observed  temperature  of  the  resultant  alloy °C__  700 

Total  gas  consumption cubic  feet—  2,415 

Final   temi>erature °C__  685 

Pouring  temperature  of  castings °C__  672 

Weight  of  castings  and  pigs  poured pounds—  24.  7 

Weight  of  dross  recovered do .2 

Shrinkage do .  1 

Loss  due  to  oxidation  and  shrinkage per  cent —  1.2 
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EXPERIMENT    H    2. 

In  this  experiment  H  2,  the  aluminum  plus  Xo.  12-alloy  scrap  was 
melted  first  and  the  33 :  67  alloy  was  added  to  the  liquid  melt. 

Data  on  experiment  H  2. 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds—     9.  47 

Charged  No.  12  scrap do 12.  5 

Time  required  to  melt  the  charge minutes 25 

Gas  consumption cubic  feet 2,  625 

Temperature  of  the  charge  at  the  time  the  33 :  67  alloy  was  added °C~      650 

Charged  33 :  67  alloy pounds—    3.  03 

Time  required  for  the  rich  alloy  to  go  into  solution minute—  1 

Highest  observed  temperature  of  the  resultant  alloy "C 710 

Total  gas  consumption cubic  feet —  3, 150 

Final  temperature °C~      710 

Pouring  temperature  of  castings °C —      704 

Weight  of  castings  and  pigs  poured pounds —  24. 85 

Weight  of  dross  recovered do .  15 

Shrinkage do .00 

Loss  due  to  oxidation  and  shrinkage per  cent —      .  60 

EXPERIMENT   H    3. 

The  rich  alloy  was  melted  first  in  this  experiment,  and  the  alumi- 
num was  charged  later.     Xo  scrap  was  used. 

Data  an  experiment  H  3. 

Charged  33 :  67  alloy  into  a  hot  crucible  at  600°  C pounds—     6.  06 

Time  required  to  melt  the  alloy minutes —        12 

Gas  consumption cubic  feet__  1,  260 

Temperature  of  the  alloy  at  the  time  the  aluminum  was  added °C—      649 

Charged  aluminum pounds—  18.94 

Time  required  to  melt  the  aluminum minutes—        20 

Highest  observed  temperature  of  the  resultant  alloy °C—      720 

Total  gas  consumption cubic  feet—  3,  360 

Final  temperature °C —      720 

Pouring  temperatures  of  castings °C —      710 

Weight  of  castings  and  ingots  poured pounds—     24.  6 

Weight  of  dross  recovered do .3 

Shrinkage do .  1 

Loss  due  to  oxidation  and  shrinkage per  cent—      1.  6 

USE  OF  50:50  COPPER-ALUMINUM  ALLOY. 

In  a  number  of  heats  of  Xo.  12  alloy  the  50 :  50  copper-aluminum 
alloy  was  employed  for  introducing  the  copper.  The  methods  were 
practically  the  same  as  in  experiments  H  1  to  H  3  in  which  the  33 :  67 
alloy  was  used. 

EXPERIMENT    I    1. 

In  experiment  I  1  the  required  amounts  of  aluminum,  Xo.  12 
scrap,  and  rich  alloy  were  charged  together. 
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Data  un  experiment  I  1. 

<  'barged  aluminum  into  a  hot  crucible  at  600°  C pounds—     10.  5 

Charged  No.  12-alloy  scrap do 12.  5 

Charged  50:50  alloy do 2 

Time  required  to  melt  charge minutes 30 

Gas  consumption cubic  feet 3, 150 

Highest  observed  temperature  of  the  resultant  alloy °C 730 

Total   gas  consumption cubic  feet--  3,  8S5 

Final  temperature °C 730 

Pouring  temperature  of  castings °C 711 

Weight  of  castings  and  pigs  poured pounds--  24.  75 

Weight  of  dross  recovered do .  15 

Shrinkage do .  1 

Loss  due  to  oxidation  and  shrinkage per  cent 1 

EXPERIMENT   I    2. 

In  experiment  I  2,  aluminum  was  melted  first  and  50 :  50  alloy 
added  to  the  liquid  charge. 

Data  on  experiment  I  2. 

Charged  aluminum  into  a  hot  crucible  at.  600°  C pounds 21 

Time  required  to  melt  the  aluminum minutes__  21 

Gas  consumption cubic  feet 2,205 

Temperature  of  aluminum  at  time  the  50 :  50  alloy  was  added °C 690 

Charged  50:  50  alloy pounds—  4 

Time   required    (approximately)    for  the  50:50  alloy  to  go  into  solu- 
tion  minutes 2.5 

Highest  observed  temperature  of  the  resultant  alloy °C —  780 

Total  gas  consumption cubic  feet 3,  255 

Final  temperature °C__  780 

Pouring  temperature  of  castings °C —  710 

Weight  of  castings  and  pigs  poured pounds —  24.  8 

Weight  of  dross  recovered do 0.  2 

Shrinkage __do 0 

Loss  due  to  oxidation  and  shrinkage per  cent—  0.8 

EXPERIMENT   I    3. 

Here  the  50 :  50  alloy  was  melted  first  and  the  aluminum  pig  was 
added  later. 

Data  on  experiment  I  3. 

Charged  50:  50  alloy  into  a  hot  crucible  at  600° pounds—  4 

Time  required  to  melt  the  50 :  50  alloy minutes—        12 

Gas  consumption cubic  feet—  1,  260 

Temperature  of  the  alloy  at  the  time  the  aluminum  was  added °C__      608 

Charged  aluminum pounds —        21 

Time  required  to  melt  the  aluminum minutes —        18 

Highest  observed  temperature  of  the  resultant  alloy °C —      715 

Total  gas  consumption cubic  feet—  3,675 

Final  temperature °C—      715 
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Pouring  temperature  of  the  castings °C—  706 

Weight  of  castings  and  pigs  poured pounds 24.  6 

Weight  of  dross  recovered do 0.  4 

Shrinkage    do 0 

Loss  due  to  oxidation  and  shrinkage per  cent__  1.  6 

60:40  COPPER-ALUMINUM   ALLOY. 

As  mentioned  above  a  60:40  copper-aluminum  alloy  has  not  been 
used  in  the  foundry,  so  far  as  is  known,  for  introducing  copper  into 
aluminum.  As  it  is  brittle  and  melts  at  approximately  the  same 
temperature  as  aluminum,  it  was  thought  worthy  of  trial.  Accord- 
ingly, a  number  of  heats  were  made  up  with  this  alloy. 

EXPERIMENT    .T    1. 

The  rich  alloy,  aluminum,  and  Xo.  12  scrap  were  melted  together 
in  experiment  J  1. 

Data  on  experiment  J  1. 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds__  10.84 

Charged  No.  12-alloy  scrap do 12.  50 

Charged  60:  40  alloy do 1.  66 

Time  required  to  melt  the  charge minutes 30 

Gas  consumption cubic  feet 3, 150 

Highest  observed  temperature °C —       715 

Total  gas  consumption cubic  feet—  3,675 

Final    temperature °C —       715 

Pouring  temperature  of  castings °C —       711 

Weight  of  castings  and  pigs  poured pounds__  24.  80 

Weight  of  dross  recovered do .  15 

Shrinkage do .05 

Loss  clue  to  oxidation  and  shrinkage per  cent —         .  8 

EXPERIMENT    J     2. 

In  experiment  J  2,  the  aluminum  and  No.  12  alloy  were  melted 
first,  and  then  the  proper  addition  of  60:40  alloy  was  made. 

Data  on  experiment  J  2. 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds—  10.  84 

Charged  No.  12  scrap do 12.  5 

Time  required  to  melt  this  charge minutes —        24 

Gas  consumption cubic  feet—  2,  520 

Temperature  of  charge  when  the  60:  40  addition  was  made °C —       645 

Charged  60:40  alloy pounds—     1.66 

Highest  observed  temperature  of  the  resultant  alloy °C —      709 

Total  gas  consumption cubic  feet—  3,045 

Final  temperature °C__       709 

Pouring  temperature  of  the  castings °C —      699 

Weight  of  castings  and  pigs  poured pounds 24.  9 

Weight  of  dross  recovered do .2 

Shrinkage do +.1 

Loss  due  to  oxidation  and  shrinkage per  cent—         .  4 
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EXPERIMENT     J     3. 

In  experiment  J  3.  the  60 :  40  alloy  was  melted  first,  and  the  alu- 
minum was  added  later. 

Data  on  experiment  J  3. 

Charged  60 :  40  alloy  into  a  hot  crucible  at  600°  C pounds—     3.  32 

Time  required  to  melt  the  alloy minutes- _        10 

Gas  consumption cubic  feet 1,  050 

Temperature  of  the  alloy  at  the  time  the  aluminum  was  added °C__      700 

Charged   aluminum pounds 21.  68 

Time  required  to  melt  the  aluminum minutes 18 

Highest  observed  temperature  of  the  resultant  alloy °C—      707 

Total  gas  consumption cubic  feet__  3.  465 

Final  temperature °C__       707 

Pouring  temperature  of  the  castings °C__      701 

Weight  of  castings  and  pigs  poured pounds__  24.  75 

Weight  of  dross  recovered do .  25 

Shrinkage ! do 0 

Loss  due  to  oxidation  and  shrinkage per  cent 1 

EXPERIMENT   J    4. 

Aluminum  and  60 :  40  alloy  were  melted  together  in  experiment  J  4. 

Data  on  experiment  J  4- 

Charged  aluminum  into  a  hot  crucible  at  600°  C pounds__  21.  68 

Charged  60:40  alloy do 3.32 

Time  required  to  melt  the  charge minutes.  _        26 

Gas  consumption cubic  feet—  2,730 

Highest  observed  temperature °C 730 

Total  gas  consumption cubic  feet 3,  465 

Final  temperature °C 730 

Pouring  temperature  of  castings °G—      710 

Weight  of  castings  and  pigs  poured pounds 24.  8 

Weight  of  dross  recovered do .  3 

Shrinkage do +.  1 

Loss  due  to  oxidation  and  shrinkage per  cent .  8 

DISCUSSION  OF  THE  EXPERIMENTS. 

The  melting  experiments  in  the  preparation  of  Xo.  12  alio}*  by  the 
various  methods  described  in  experiments  G  to  J,  inclusive,  will  be 
discussed  first,  and  the  properties  of  the  castings  will  be  described 
under  the  caption  "  Metallography  "  (p.  41) .  An  inspection  of  the  ex- 
perimental details  and  the  summary  in  Table  10  (p.  33)  affords  data 
for  drawing  conclusions.  Dross  losses  and  gas  consumption  are 
both  high  when  copper  or  the  rich  alloys  are  melted  first  and  the 
aluminum  added  later;  dross  losses  and  gas  consumption  are  both 
low  when  the  entire  charge  is  melted  at  once,  or  when  the  necessary 
rich  alloy  or  copper  is  added  to  a  liquid  bath.  No  advantage  seems 
to  be  gained  by  adding  solid  rich  alloy  or  solid  copper  to  liquid 
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aluminum  as  compared  to  charging  all  the  materials  together.     In 
general,  the  higher  dross  losses  result  from  higher  temperatures,  as 
in  experiments  G  3  and  G  4.     In  experiment  G  3  the  copper  was 
melted  first  and  when  the  melt  was  at  a  temperature  of  1,128°  C. 
aluminum  was  introduced.      In  experiment  G  4,  the  temperature  of 
the  alloy,  after  the  copper  addition,  was  purposely  raised  to  950°  C, 
and  the  dross  loss  was  consequently  high.     But  few  evident  anom- 
alies appear  in  the  summarized  data,  and  these  may  exist  without 
vitiating  the  results,  on  account  of  the  conditions  of  the  experiments. 
As  already  explained,  the  initial  charging  temperature  of  the  hot 
crucible  was  arbitrarily  taken  as  600°  C,  but  this  temperature  varied 
considerably — between  400°  and  700°  C,  as  shown  by  measurements. 
Consequently,  figures  of  gas  consumption  vary,  but  within  reasonable 
limits.     The  difficulty  of  collecting  all  of  the  melt,  after  pouring 
castings  and  pigs,  and  the  practical  impossibility  of  cleaning  the 
crucible  so  as  to  recover  all  the  dross  and  alloy  sticking  to  the  inside 
lead  to  minor  errors.     A  plus  shrinkage  indicates  that  the  materials 
were  recovered  most  completely;  because  of  the  oxygen  taken  up 
the  total  weight  of  the  dross  and  the  castings  and  ingots  poured 
should  be  greater  than  the  weight  of  the  original  charge. 

CONCLUSIONS  ON  THE  PREPARATION  OF  NO.  1 2  ALLOT. 

From  the  foregoing  experiments  and  from  the  experience  of 
foundries  the  following  conclusions  were  reached : 

There  is  nothing  that  would  lead  to  the  belief  that  one  rich  alloy 
is  any  better  than  another  for  introducing  copper,  as  regards  dross 
losses  and  gas  consumption. 

Small  heats  of  No.  12  alloy  may  be  made  conveniently  and  cheaply 
by  using  light-gage  copper  sheet  or  punchings;  the  solid  copper 
should  be  added  to  the  liquid  aluminum,  whereupon  it  will  alloy 
at  relatively  low  temperatures. 

"Where  production  is  large,  as  in  a  foundry  pouring  25,000  to  50,000 
pounds  of  castings  in  10  hours,  it  is  safer  to  employ  a  rich  alloy. 

The  most  convenient  rich  alloy  available,  taking  into  consideration 
brittleness,  melting  point,  and  ease  of  calculation,  is  the  50 :  50  alloy. 

The  most  desirable  method  of  making  up  a  heat  is  to  charge  all 
the  materials  together. 

METALLOGRAPHY  OF  THE  EXPERIMENTS. 

The  castings  poured  from  the  No.  12-alloy  heats  consisted  of  thin 
shells  and  1-inch  square  bars,  as  in  the  writer's  previous  experiments 
on  the  subject  of  blowholes  and  unsoundness.16    Microsections  were 

16  Anderson,  R.  J.,  Unsoundness  in  aluminum  castings.  The  Foundry,  1919,  vol.  47, 
pp.  579-584.  Blowholes,  porosity,  and  unsoundness  in  aluminum-alloy  castings:  Tech. 
Paper  241,  Bureau  of  Mines,   1919. 
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cut  from  all  the  castings  poured,  and  were  examined  for  general  char- 
acteristics. Practically  no  differences  in  microstructure,  distribution 
of  the  CuAl2,  etc.,  were  found,  but  blowholes  seemed  to  be  more 
numerous  and  the  porosity  greater  in  castings  poured  from  melts 
that  during  preparation  had  attained  rather  high  temperatures ;  fur- 
thermore, these  defects  were  more  evident  in  castings  poured  from 
heats  where  the  dross  losses  were  high,  as  in  experiments  G  3.  J  3, 
and  I  3.    Typical  structures  are  shown  in  a,  5,  c,  and  ds  Plate  VI. 

GRADE  OF  NO.   12  ALLOY  HEATS. 

As  has  been  shown  the  92 : 8  aluminum-copper  alloy  is  prepared 
by  various  methods.  The  various  grades  of  heats  in  this  alloy 
remain  to  be  considered.  Ordinarily,  pig  aluminum  is  not  used 
alone,  but  some  No.  12-alloy  pig  or  scrap,  or  both,  is  added.  The 
proportions  of  aluminum  and  No.  12-alloy  pig  or  scrap  in  heats  for 
castings  vary  within  wide  limits,  in  fact  from  0  to  100  per  cent  of 
aluminum,  remainder  No.  12  alloy.  If  both  aluminum  and  No.  12- 
alloy  pig  or  scrap  are  used,  enough  rich  alloy  to  introduce  the  desired 
amount  of  copper  is  charged  at  the  same  time.  In  foundry  practice, 
it  is  economical  and  usually  necessary  to  charge  some  No.  12  alloy 
made  up  of  gates,  risers,  and  defective  castings  from  the  foundry 
with  the  aluminum.  If  the  castings  are  machined  in  a  shop  con- 
nected with  the  foundry,  large  amounts  of  No.  12  borings  will 
accumulate,  and  these  must  be  disposed  of.  Some  foundries  buy 
back  the  borings  from  their  castings  when  the  castings  are  sold 
to  outside  consumers.  The  problem  of  handling  borings  is  solved 
in  different  ways.  Some  foundries  send  the  borings  to  outside 
refiners  or  smelters,  who  run  them  down  and  return  the  resultant 
No.  12-alloy  pig.  This  pig  is  charged  into  the  melting  pots  with  the 
aluminum  plus  rich  alloy.  Other  foundries  melt  down  the  borings 
into  ingots  and  others  charge  borings  as  such  into  the  pots.  The 
handling  of  borings  has  already  been  discussed  by  Gillett  and 
James.17  Practice  varies  widely  with  regard  to  the  grade  of  heats 
and  the  percentages  of  No.  12  Scrap  or  ingot  and  aluminum  in  a 
charge. 

In  some  plants  no  attempt  is  made  to  keep  the  relative  percentages 
uniform  in  successive  heats ;  in  other  foundries  uniformity  is  guarded 
closely.     One  foundry,  for  example,  uses  the  following  charge : 

25  per  cent  No.  12  scrap   (gates,  risers,  old  and  broken  castings). 

25  per  cent  No.  12  ingot  (run  down  from  borings). 

50  per  cent  aluminum  ingot  (plus  enough  50:  50  rich  alloy). 

17  Gillett.  H.  W.,  and  James,  G.  M.,  Melting  aluminum  chips  :  Bull.  108,  Bureau  of 
Mines,  1916,  88  pp. 
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o,  FROM  THE  ONE-INCH-SQUARE  BAR  OF  NO.  12  ALLOY,  HEAT  G  2, 
AVERAGE  STRUCTURE  ETCHED  WITH  NaOH,  X  200;  6,  FROM  THE  ONE- 
INCH-SQUARE  BAR  OF  NO.  12  ALLOY  SCRAP,  RICH  ALLOY,  AND  ALUMI- 
NUM, HEAT  H  1,  ETCHED  WITH  NaOH,  X  200;  c,  FROM  THE  ONE-INCH- 
SQUARE  BAR  OF  50:50  ALLOY,  HEAT  I  3,  ETCHED  WITH  NaOH,  X  200; 
d,     FROM     THE    THIN     SHELL      HEAT     I     3,     ETCHED     WITH     NaOH,     X     100. 
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This  charge  is  used  continually  unless  the  scrap  losses  on  the  floor 
become  unusually  high,  and  the  defectives  have  to  be  worked  into 
the  charges.  The  kind  and  quality  of  the  scrap  and  No.  12  ingot  used 
in  foundry  charges  should  be  controlled  carefully.  Otherwise  much 
difficulty  may  arise.  Under  Bureau  of  Aircraft  specifications  for 
Liberty  (and  other)  motor  castings,  no  No.  12  scrap  other  than  that 
originating  in  the  manufacturer's  plant  was  allowed  in  the  make-up 
of  charges.  This  specification  resulted  in  no  hardship.  The  influ- 
ence of  the  quality  of  the  melting  charge  upon  the  resultant  castings 
is  important  to  foundrymen,  but  it  can  not  be  discussed  in  this 
paper. 

SUMMARY. 

Aluminum-alloy  foundries  in  the  United  States  employ  three  meth- 
ods for  introducing  copper  into  aluminum  in  making  light  aluminum- 
copper  alloys:  1.  The  use  of  copper  directly;  (2)  the  use  of  33:67 
copper-aluminum  alloy;  and  (3)  the  use  of  50:50  copper-aluminum 
alloy.  The  writer  suggests  that  60  :  40  copper-aluminum  alloy  might 
be  suitable  for  the  purpose.  The  usual  method  of  preparing  rich 
alloys  is  to  melt  the  copper  and  part  of  the  aluminum  separately  and 
then  to  pour  the  copper  into  the  aluminum,  keeping  the  temperature 
as  low  as  possible  by  adding  the  remainder  of  the  cold  aluminum. 
A  suitable  method  for  preparing  rich  alloys  on  a  large  scale  is  de- 
scribed in  detail.  Experiments  in  the  preparation  of  the  rich  alloys 
and  No.  12  alloy  have  yielded  data  with  regard  to  dross  losses,  rela- 
tive costs,  and  merits  of  methods.  The  various  methods  used  at  dif- 
ferent foundries  have  been  compared  in  the  light  of  the  figures  ob- 
tained from  the  experiments  and  of  views  expressed  by  representa- 
tive foundrymen. 

Some  foundrymen  believe  that  the  "  most  desirable "  method  of 
preparing  No.  12  alloy  is  by  adding  light  copper  punchings  or  sheet 
to  liquid  aluminum,  basing  their  arguments  largely  on  the  saving 
from  not  using  a  rich  alloy.  An  objection  made,  that  the  resultant 
castings  are  likely  to  run  "  hard  and  soft,"  is  valid,  but  it  may  be  over- 
come by  stirring  the  melts  thoroughly;  segregation  of  the  CuAl2  in 
melts  made  by  this  method  is  extremely  likely  unless  stirring  is  done 
thoroughly  and  often.  "  Hard  and  soft "  castings  are  attributed  to 
the  fact  that  the  first  pour  is  lean  in  copper  and  the  last  is  relatively 
rich.  This  defect  in  the  method  is  so  serious  that  it  renders  the  whole 
scheme  undesirable  in  large  foundries,  particularly  when  production 
is  rushed.  The  danger  of  segregation  will  be  minimized  if  rich  alloys 
are  used  for  introducing  the  copper.  Moreover,  with  unskilled  labor 
at  the  melting  pots,  it  is  much  safer  to  use  a  rich  alloy.  Difficulties 
liave  been  experienced  by  some  foundries  in  obtaining  a  suitable  and 
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sufficient  supply  of  copper.  A  small  foundry,  it  seems,  can  use  the 
direct  copper  method  to  advantage,  but  a  large  foundry  voluntarily 
fetters  itself  by  adhering  solely  to  this  method.  The  No.  12  alloy 
can  be  prepared  conveniently  and  economically  by  charging  the  alu- 
minum ingot,  No.  12-alloy  pig  or  scrap,  and  rich  alloy  together  into 
the  melting  furnace,  and  no  advantage  appears  in  any  other  pro- 
cedure. 
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